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Several recent shipments direct from the “ Andreasberg of America » 
afford a large choice of the more recent finds of-this famous district. Prices 
average lower than formerly, generally 50c. to $3.00 or $4. 00 for the best 
cabinet specimens. Small study specimens at 15c.. to 40c. 


Hematite in hexagonal prisms, New and rare. Small but marvel- 
ously sharp and brilliant, coating a voleanic rock suggesting the Vesuvian 
examples, but of different crystalline habit. 

Rose Apophyllite in handsome groups. Beautiful white and colorless 
crystallizations. Also detached crystals. 

‘ Hyalite. Clear masses of pearly lustre in twisted and hotryoidal forms. 
Attractive and typical. 


Fire Opal in large pieces. 

Octahedral Fluor showing interesting modifications. 

Quartz Crystals containing moving bubbles. 

Amethyst in groups of unrivaled richness and depth of color. 


Stilbite. Delicate cream-colored groups. Crystals symmetrical and well 
defined. ; 


STUDY SPECIMENS 


For 26 years we have supplied mining sehools, universities, colleges and 
secondary schools throughout the world with mineralogical material. Dur- 
ing that period the quality of our elementary and advanced collections has 
steadily improved, so that to-day the highest grade of study specimens are 
offered at unprecedentedly low prices. An inspection of our Laboratory 
List of minerals for analysis, will show that European minerals are sold not 
simply below American prices, but often at lower rates than prevail in 
Europe. The wide connections of our European house alone permit this 
economy to the — our prices being the same on both sides of the 


Atlantic. 
Illustrated Collection Catalog Free, 


The Largest and Most Complete Stock of Scientific and Educational Minerals 
in the World. Highest Awards at Nine Expositions, 


MINERAL 


FORMERLY DR. A. E. 


PHILADELPHIA, PARIS, 
1817 Arch Street. 24 Bue du Champ de Mars. 
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Art. XXXIIT.— Observations on the Eruptions of 1902 of La 
Soufriére, St. Vincent, and Mt. Pelée, Martinique ;* by 
Epmunp Oris Hovey. 


THE chain of islands bounding the Caribbean Sea on the 
east, and known as the Leeward and Windward Islands, the 
Lesser Antilles or the Caribbean Islands, are almost wholly of 
voleanic origin, the most important exception to this rule 
being Barbados. From Grenada northward the chain of vol- 
canoes extends in a grand curve for about five hundred miles, 
with its convex side toward the east, indicating a line of weak- 
ness in the earth’s crust comparable with those which are out- 
lined by the festoons of volcanoes along the northern and 
western coasts of the Pacific Ocean. The volcanic nature of 
these islands has been known ever since they first were explored, 
but only a few eruptions have been recorded during the past 
four centuries—the most important being those of La Soufriére 
on St. Vincent in 1718 and 1812, with Mt. Pelée on Martinique 
in slight eruption in 1851. Continuous solfataric action, which 
sometimes has been quite violent, is known in the crater of Mt. 
Misery on St. Kitts, the “Soufriéres” of Guadeloupe and St. 
Lueia and the Boiling Lake of Dominica. Hot springs have 
been a feature of several localities on Martinique, St. Vincent 
and other of the islands. 


La Sourribre, St. VINCENT. 


At least as early as April, 1901, earthquakes became more 
frequent and noticeable than usual in St. Vincent, but, with 


* The author was sent to the islands of Martinique and St. Vincent as the 
representative of the American Museum of Natural History, New York, to 
study the phenomena connected with the recent eruptions. The article here 
published is a condensation of the ‘‘ Preliminary Report” prepared for the 
Museum authorities and published in the Bulletin of the Museum, vol. xvi, 
pp. 383-372, pls. xxxiii-li. The author’s field work on the islands covered 
the period from May 21 to July 6, inclusive, and his Report and this article 
pertain almost solely to the personal observations made during that time. 
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Fie. 1. Map or THE IsLanp or St. Vincent, B. W. I. 


The cross-lined area shows approximately the portion of the island which 
was devastated by the May, 1902, eruptions of La Soufriére. The violent 
outburst of September 3-4 deposited much additional material on the lee- 
ward (west) side, and extended the zone of devastation about four miles 
south of the boundary here indicated for that side of the island. The dot- 
and-dash lines show the principal routes traversed by the author while on 
and near the volcano. 
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the exception of Mr. F. W. Griffith, of Kingstown, no one 
seems to have connected them with an impending eruption of 
the Soufriére. In December of that year, Lescaut the people 
living on the western slopes of the voleano began to feel 
anxious on account of the subterranean noises heard occa- 
sionally. By February, 1902, the rumblings had become so 
frequent that the inhabitants were very uneasy and began to 
leave the district, so that but one person was left within the 
fated area when the great eruption of May 7 occurred. The 
rumblings were less distinctly heard on the eastern or wind- 
ward side of the island, and the warnings were not heeded so 
generally, because it was supposed that the prevailing winds 
would carry to westward any ejecta from the crater, in case of 
an eruption. The loss of life was confined to the windward 
side of St. Vincent. 

The first ascent of the Soufriére, since the eruption of May 
T, 1902, was made on Saturday, May 31, by Dr. T. A. Jaggar, 
Jr., George Carroll Curtis, T. MacGregor MacDonald* and 
myself with six porters. We went up from the site of Walli- 
bou village, on the leeward (west) side, following the remains 
of the old trail to the rim of the crater at 2790 feet above the 
sea, an elevation obtained by taking the mean of the readings 
of three aneroid barometers.t We found the crater unchanged 
in diameter, as nearly as Mr. MacDonald could tell, and there- 
fore to be about nine-tenths of a mile in diameter from east to 
west and eight-tenths of a mile from north to south, judging 
from measurements made on the map. The beautiful crater 
lake, for which the Soufriére was famous before the eruption, 
had disappeared of course, but there was a small lake of boil- 
ing water in the bottom of the pit, from the southeastern 
quarter of which steam was ascending in a strong column. 
See figs. 4 and 5, p. 351.t This column at intervals was carry- 
ing up quantities of black sand with it to moderate heights 
above the bottom of the crater. We estimated the surface of 
the boiling lake to be about 1600 feet below the point on 


*Mr. MacDonald is the owner, with his brother, of several estates on the 
leeward side of St. Vincent. One of these was destroyed in the May erup- 
tions, and three others suffered the loss of their growing crops through the 
outburst of September 3. Mr. MacDonald had the presence of mind to 
remain in one of his houses, the Richmond Vale estate, from which there 
was an uninterrupted view of the upper portion of La Soufriére, and to take 
notes in detail of what happened on May 7 up to the time of the great erup- 
tion which took place at 2 P. m., when he fled for his life. His notes have 
been published in full in the Kingstown Sentry of May 16, 1902, and in the 
Century Magazine, vol. lxiv, pp. 638-642, August, 1902. 

+ All the altitudes recorded in this article were obtained by means of 
aneroid barometers, except as otherwise stated in the text. 

} For convenience of printing, the views iliustrating this article have been 
placed together on pp. 351 to 358. 
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which we were standing, and 2400 feet below the highest point 
- of the rim. The lake seemed to be shallow, judging from 
some nearly flat ground in the bottom of the crater northeast 
of the water. The surface of the old crater lake was 1930 
feet (chart) above tide. Its depth in the center was 874 
fathoms, according to the statements of P. F. Huggins, engi- 
neer, of Kingstown, St. Vincent, who told me that e sounded 
it in 1896. His line was too short to reach bottom in the 
northwestern part of the lake. 

- Almost directly opposite the point where we first reached 
the rim was the saddle between the “Old” crater and the 
crater of 1812, apparently unbroken by the eruption. From 
the lower third of this nearly vertical rock-face there issued a 
strong stream of water which cascaded down the precipices 
and flowed across a rather narrow strip of nearly level ground 
in the bottom of the crater and emptied into the boiling lake. 
It seemed as if this stream must be the discharge of the waters 
now collecting in the crater of 1812, itself the possessor of a 
little lake before the eruption of the present year. The 
western side of the crater rim showed a gash on its western 
side, leading into the Larakai Valley, but the bottom of the 
gash was more than a thousand feet above the bottom of the 
crater. Mr. MacDonald said that the gash was there before 
the eruption took place, but that it seemed to him to have 
increased in size since the outbursts began. The gash is very 
much smaller than that in the southwest side of Mt. Pelée, and 
it does not seem to have had any appreciable, or, better, any 
determinable, effect in concentrating the force of Soufriére’s 
voleanic hurricanes. Tremendous avalanches of rocks and 
earth descended the inner precipitous slopes of the crater at 
intervals during our stay on the rim. They made a great deal 
of noise, and probably occasioned some of the “groaning” of 
the voleano reported by the islanders. 

On June 4 Jaggar, Curtis and I made an attempt at the 
ascent from the windward side. We reached the altitude of 
3200 feet, but turned back without getting to the crater itself, 
on account of dense trade-wind pink On June 9 Curtis and 
I made our third ascent, alone, except for one guide, and 
reached the rim of the crater on the southeastern side two or 
three hundred yards beyond the spot at which we had turned 
back on the preceding occasion. For fifteen or twenty yards 
back from the edge of the rim in the ground there were crevices 
many yards long and up to three inches wide, which formed 
lenses with the edge itself and indicated the imminence of 
landslides into the crater. We pushed along the rim north- 
ward, until, at an altitude of 3550 feet above the sea, we stood 
between the large crater and the crater of 1812. The summit 
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of the Sonfriére east of the large crater and south of the small 
one is formed bya rather small plateau which slopes gently 
toward the southeast, closely analogous in position to the small 
high platean on Mt. Pelée. This plateau was covered with a 
bed of dust, lapilli and bowlders which was ten and fifteen 
feet thick in places, and the trenches cut by recent rains made 
traveling very laborious, except near the edge of the crater. 

In spite of clouds and rain, this visit, through occasional 
glimpses of the interior, enabled me to determine that the 
crater of 1812, which for nearly a century has gone by the 
name of the “ New” crater, took no active part in the erup- 
tions of May of the present year, a conclusion based on the 
following considerations: the saddle between the two craters 
appeared to be intact, confirming the observations made from 
the other side of the large crater; a knife-edge ridge which 
ran at a steep incline from the saddle to the bottom of the 
small crater and formed the pathway for descent into it before 
the eruption, was still there, and had on its slopes bare trunks 
of trees standing; in the bottom of the crater along the base 
of this ridge one could see talus slopes of dry (?) dust and 
Japilli which had slid and rolled down its sides; although the 
roaring of the steam and boiling water nearly half a mile 
below us in the large crater was obtrusively discernible, no 
sound whatever came from within the crater of 1812; the rim 
of the small crater showed less and less dust as one receded 
from the edge of the great crater. Samuel Brown, a ranger, 
or caretaker, on the Lot 14 estate on the southeast slopes of the 
Soufriére, who was our guide when we reached the small 
erater, told us that he watched the eruption of May 7 until 
the great outburst at two o’clock and that no cloud of steam 
or “smoke” rose from the small crater. Furthermore, at the 
time of my leaving the island, June 10, no column of steam had 
risen above that crater since May 7. Brown was at the sugar 
factory of the estate, three and one-half miles in a straight line 
east-southeast from the crater, a most favorable spot from 
which to observe what was going on at the summit of the 
mountain, and he saved his life by running into the rum cellar 
of the factory and closing the door and the window shutters 
just before the volcanic blast swept over the building. Inquiry 
in Georgetown found persons who had watched the eruption 
from the town and had noted the fact that no column of steam 
rose from the small crater. 

The Sonfriére, and, in fact, the whole of the island of St. 
Vincent, is made up of ancient lava flows alternating with vol- 
canic fragmental deposits or tuff agglomerates.* These ancient 


* The alternation of lava beds and tuffs is well illustrated in fig. 5, p. 351. 
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agglomerates show that there have been many eruptions of the 
volcanoes of St. Vincent of the same character as that of 1902. 
They contain bombs as well as blocks. The beds of solid rock 
on the island show that many of the ancient eruptions were 
accompanied by extensive flows of molten lava. The porous 
agglomerates have suffered much from the decomposing action 
of percolating waters, and the lava beds show extensive altera- 
tion due to the same agency. Beautiful spheroidal weathering 
is common in the basalts of the southeastern part of the island 
and in the elevated beach conglomerates of the windward coast. 

Although there are many ancient lava beds in the composi- 
tion of the mountain, no stream of melted Java has issued from 
the Soufriére during the present eruption. The “ bread-crust ”* 
bombs, however, which occur plentifully on the mountain sides, 
especially on the windward slopes, show that during the present 
eruption molten lava has been present in the throat of the vol- 
cano, and that many lumps of half-melted rock were thrown 
into the air. Besides the bombs, the volcano ejected blocks of 
ancient andesitic lava of several kinds and of varying degrees 
of coarseness of grain, and of all sizes up to masses six or eight 
feet across, and vast quantities of coarse and fine lapilli and 
dust. Most, if not all, of the blocks were thrown out at very 
high temperatures, as is shown by their cracked condition, 
though they were not actually fused. Although a few bombs, 
some of which were twelve to fifteen inches across, were found 
on the leeward side as far away from the crater as the site of 
Richmond village, three and one-half miles distant, by far the 
largest number of both bombs and blocks, as well as the largest 
specimens, were found on the windward side, bombs fifteen to 
eighteen inches in diameter being common in the bed of the 
Rabaka Dry River. 

The area of devastation on St. Vincent is very large in pro- 
portion to the total area of the island. After plotting it out 
carefully on the British Admiralty chart and measuring the 
area with a planimeter, I find it to be forty-six square miles, 
practically one-third the entire area of the island. From 
much of this devastated area, however, the ashes are being 
washed off so rapidly by the rain that vegetation is already 
asserting itself, and within another year crops will be growing 
there again.* 

Extensive landslides have taken place on the western side 
(see Plate VIII), removing a strip of coast, in places one 


* Newspaper reports and private advices from St. Vincent show that the 
area of devustation has been extended on the leeward side of the island by 
the tremendous eruption of September 3-4 about four miles south of the 
boundary indicated on the map herewith presented (fig. 1), while the whole 
western portion of the devastated area got a heavy additional coat of lapilli. 
The windward side did not suffer materially from this eruption. 
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hundred yards wide, continuously from the mouth of the 
Wallibou River to Morne Ronde village, a mile and a half to 
the north, and at intervals for two miles farther north. These 
landslides have left precipituus walls along the shore-line, and 
deep water is found where villages stood and prosperous plan- 
tations existed before the eruption. We had no sounding line, 
but our boatmen could not touch bottom with a twelve-foot oar 
three feet from shore on the site of Morne Ronde village. The 
sections left by the slides show that the land which has disap- 
peared consisted of delta and coast-plain deposits, material 
which would easily be shaken from the more substantial Java 
flows and agglomerate beds by the vibrations due to the erup- 
tions. The eastern, or windward, side of the island is not 
nearly as steep as the leeward, and landslides have not occurred 
there as features of this eruption. On the contrary, the wind- 
ward shore-line from Black Point, a mile south of Georgetown, 
northward almost to Chibarabou Point, more than six miles 
distant, has been pushed out by the vast quantities of fresh 
lapilli which have been brought down from the slopes of the 
voleano by the rivers and the heavy rains, during and since the 
eruptions, and distributed by the ocean currents. 

A large amount of material, too, was brought down by the 
Rabaka Dry River an hour in advance of the great outburst of 
May 7, which seems to have been due to the bodily discharge 
of a portion, at least, of the old crater lake into the headwaters 
of that stream. Survivors who attempted to cross the Rabaka 
Dry River toward noon of that day report that they were 
prevented by a torrent of “boiling hot” water and mud rush- 
ing down the valley, and that a wall of water and mud fifty 
or more feet high (they compared it with the height of a fae- 
tory chimney) came out of the upper reaches of the river and 
swept out to sea. There was no heavy rain that day before 
the eruption took place, but the lake still was in the crater 
early in the day, according to the tale of a fish-woman who 
had ascended the mountain from Geergetown that morning 
on her way home to Chateanbelair. The trail led along the 
rim of the crater for half a mile. The woman reached the rim 
at nine o’clock and found that fissures had appeared in the 
ground and ‘that the lake was at a higher level than usual and 
boiling. She rashed back to Georgetown to warn the people, 
but her tale was discredited. Mr. MacDonald’s notes contain 
the entries: “12.55 p.m. Enormous discharge to windward 
side, color darker. 1 P. M. Tremendous roaring, stones thrown 
out to windward thousands of feet.”* While this does not 
prove the bodily outthrow of the lake, it shows that there was 


* Century Magazine, vol. lxiv, p. 630, August, 1902. 
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a great outburst from the crater just in advance of the flood in 
the Dry River Valley. 

It is evident that there was a blast or a series of blasts of 
hurricane violence from the erater of the Soufriére as well as 
from that of Mt. Pelée, as a feature of the eruptions of 1902. 
The effects were not so appalling, however, on St. Vincent as 
on Martinique, because no large city was destroyed there. 
The overturned trees constitute the principal evidence on the 
island of St. Vincent. They all point away from the crater, 
except for slight modifications due to local topography (see 
fig. 10). The blast extended radially in all directions from 
the crater, suggesting the explanation that some great vol- 
ume of steam, rising from the throat of the voleano, could 
not find room for expansion upward, on account of the column 
of steam and ashes which had preceded it, and the ashes fall- 
ing therefrom, and that it expanded with explosive violence 
horizontally and downward, following the configuration of the 
mountain. This accords with the testimony of Mr. MacDonald 
and other eye-witnesses of the eruptions, who say that they 
saw the clouds of “smoke ” (dust-laden steam) rushing down 
the sides of the mountain with terrific speed. This dust-laden 
steam was able to do much work of erosion, as is shown by 
the horizontally scoured sides of some of the exposed cliffs and 
by the trunks and roots of trees. The roots particularly have 
been charred by the heat and have been carved into fantastic, 
pointed shapes, as if they had been subjected to the action of a 
powerful sand-blast. Erosion has not materially affected the 
original surface of the ground as yet, because almost every- 
where one can find the living roots and charred blades of 

rass and other vegetation beneath the covering of dust and 
apilli, the first of which. acted as a protection against the heat 
of the rest. Now, however, the heavy rains take up vast 
quantities of the loose lapilli for use as a powerful scouring 
agent in attacking the denuded hillsides, and thus old valleys 
are being deepened and widened. 

The particular feature of the May eruptions of the Soufriére 
was the enormous amount of dust* which was thrown into the 
air and distributed over a vast circle or ellipse the area of 
which cannot yet be calculated for lack of data. The British 
steamship Coya had an eighth of an inch of voleanic dust 


* The following chemical analysis is of dust from the May eruptions 
which I collected May 27 in a room in the Langley Park estate house, about 
one mile north of Georgetown, St. Vincent, in which twenty-one dead bodies 
were found after the eruption of May 7. The analysis was made by Dr. W. 
F. Hillebrand of the United States Geological Survey, to whom my acknowl- 
edgments are due, and is the unpublished analysis referred to in his article 
in the National Geographic Magazine for July (vol, xiii, p. 297) as empha- 
sizing the greater amount of sulphur present in the ejecta of La Soufriére 
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from this volcano fall on her deck when she was two hundred and 
seventy-five miles east-southeast of St. Vincent. The steamer 
encountered the dust at 10.30 p. M., May 7, eight and one-half 
hours after the eruption of the Sonfriére began, indicating trans- 

ort against the prevailing surface wind at more than thirty-two 

nots per hour. Reports of vessels from the west (leeward) 
of the island are curiously lacking. The dust was spread like 
a gray mantle over the island, generally diminishing in thick- 
ness from the crater outwards, but collected in vast deposits in 
certain valleys on the sides of the mountain, where the condi- 
tions seem to have been particularly favorable. The chief of 
these beds were formed in the Wallbou, Trespé and Rozeau 
valleys on the leeward side, and in the valleys of the Rabaka 
Dry River and its tributaries on the windward slope, with by 
far the greatest thickness along the Wallibon and Rabaka Dry 
Rivers. In the valley of the Wallibou the deposits were not 
less than sixty feet deep in places, while in the Rabaka Dry 
River the fresh material filled a gorge which is said to have 
been two hundred feet deep before the eruptions began (see 
fig. 9). From a distance this deposit looks as if it were a 
glacier coming out of the mountains. 

Such great accumulations of hot lapilli and dust retain their 
heat.for a long time and they have given rise to secondary, or 
superficial, eruption phenomena of striking character and con- 
siderable interest. The river water and the water from the 


than in those of Mt. Pelée. The absence of chlorine is interesting as indi- 
cating fresh waters as the source of the steam of the eruptions. 
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tropical showers percolating through the beds have come into 
contact with the still highly heated interior, causing violent 
outbursts of dust-laden steam. We saw one of these outbursts 
from the Wallibou Valley send up a column of such vapor fully 
a mile in height. The action lasted for nearly an hour. The 
secondary eruptions illustrated by figures 7 and 8 took place on 
a clear, dry morning and must have been caused by the perco- 
lating river waters. On May 30 we witnessed the throwing of 
a dam across the stream and the formation of a temporary lake 
by a heavy secondary outburst of dust-laden steam from the 
lapilli-bed in the Wallibou Valley. This eruption is illustrated 
in fig. 7. After the erwption ceased the little lake soon rose 
to the top of the dam and quickly cut its way down to the 
old level, sending a “mud-flow” down the gorge to the sea. 
Such a lake in the valley of the Rabaka Dry River cut its new 
outlet through a narrow ridge of the old agglomerate constitut- 
ing the wall of the canyon, forming as it did so a beautiful series 
of channel-bowls, pot-holes and scratched corkscrew channels. 

When we first reached St. Vincent, the dust, especially that 
covering the Richmond estate, showed in marked manner the 
wind-drift surface so familiar in the case of freshly-fallen snow, 
and in many places these drifts were from three to four feet 
deep (see fig. 6). There were several heavy rains between 
May 24 and 29, so that the appearance of the surface was very 
different on May 30 from what it was when I first saw it. Its 
drifted character was not nearly as evident, and the beautiful 
dendritic drainage, which was already in evidence on May 24, 
had been greatly extended and intensified. Geological opera- 
tions, which under ordinary conditions are performed so slowly 
as to be imperceptible, were being carried forward rapidly 
under our very eyes. One item of interest was the action of 
the Wallibou River itself under the influence of the loose dust 
and lapilli along its banks.* Its waters became so overloaded 
with sediment that they could only flow in pulsations, showing 
that intervals of time were needed by the stream to gather 
strength to force its way along with its load. On May 24 
these waves or pulsations were from fifteen to forty seconds 
apart. Such mud streams carried large bowlders down the 
river bed to the sea. 

When the great cloud of ejecta rose from the Soufriére at 
2 p.M., May 7, the portion which was traveling eastward 
seemed suddenly to split, according to the accounts of eye- 
witnesses, when it was some distance beyond the island, and 
to send a part back to the land. This accounts for the fact 
that unprotected windows in the eastern side of houses in the 


* First described by the author in the New York Times, June 29, 1902. 
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devastated district along the windward coast were all stripped 
of their glass. 

An official’s estimate of the loss of life on St. Vincent by 
the eruption places the number of killed at 1350. The actual 
uumber of bodies buried was 128, including those of the 
wounded who died in the hospitals. Almost all of the people 
who passed through the fury of the eruption and escaped 
uninjured had taken refuge in cellars the only openings into 
which were on the side farthest from the crater and were, 
moreover, tightly closed with wooden doors or shutters. The 
most striking example of such protection was at Orange Hill, 
on the windward coast, two and one-half miles north of George- 
town, where one hundred and thirty-two persons were saved 
unharmed in an empty rum cellar. This cellar, which is only 
partly underground, is part of a sugar factory situated on a 
rather flat divide between two ravines which may have tended 
to separate the volcanic storm somewhat, though the roof of 
the building over the cellar was demolished by the ejecta. The 
only openings into the cellar were a door and two windows on 
the side opposite the crater, and these were provided with 
heavy wooden shutters which were kept closed during the fury 
of the eruption. The experiences of the people in these cel- 
lars suggest the great desirability of constructing similar places 
of refuge for use in time of hurricane as well as of volcanic 
eruption. 

he deaths on St. Vincent seem to have been due, princi- 
pally, to the following causes: (1) asphyxiation by hot, dust- 
laden steam and air, (2) burns due to hot stones, lapilli and 
dust, (3) blows by falling stones, (4) nervous shock, (5) burn- 
ing by steam alone, and (6) strokes.of lightning. The last 
mentioned cause is perhaps somewhat doubtful, for though it 
is very generally named by the survivors, there has been no 
substantiation mentioned beyond the fact that there was a 
great deal of extremely vivid lightning during the eruption. 
The action of steam would account for burns received under- 
neath the clothing where the clothing was not even charred. 
Sulphur dioxide, SO,, and hydrogen sulphide, H,S, were 
observed in troublesome quantities in the steam coming :rom 
the crater, and it is more than probable that these gases, espe- — 
cially the former, added very materially to the deadly char- 
acter of the dust-laden steam. Not an autopsy was made on 
any of the hundreds of victims of the catastrophe, so that it 
never can be known definitely what part was played by these 
or other poisonous gases in the destruction of human life. 


Under date of September 5, Wm. J. Durrant, druggist, of 
Kingstown, St. Vincent, writes me that great volumes of 
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“smoke” and steam began rising from La Soufriére at 1 P. M. 
of September 3, but that the violent outburst did not begin 
until 9.30 that night. Three hours later the eruption was at 
its height and the last explosion occurred at 5.40 A.M. The 
roaring of the volcano from midnight onward was continuous 
and was terrifying even at Kingstown, while the electric dis- 
play about the great column of dust-laden steam surpassed 
those of May 7 and 18. The matter ejected by this last .erup- 
tion is described by Mr. Durrant as being “a heavy, black 
sand* of the coarseness of blasting powder, with pleaty of 
pumice, but very few stones.” Very little light-gray ash like 
that of the May eruptions fell this time. Widsioset Vale 
estate received about eight inches of ash, Chateaubelair about 
six inches, Petit Bordel about four inches. Southward the 
coat of ash diminished to Peter’s Hope, an estate on the west 
coast about ten miles southwest of the crater, where it ceased 
to be of importance. The beginning of this eruption was a 
mud-flow toward the site of Morne Ronde village. 


Under date of September 26 Mr. T. MacGregor MacDonald 
writes me that three men, two brothers and a cousin by the 
name of Richards, visited the summit of La Soufriére August 
19. From their accounts it was evident that relations within 
the crater had not changed materially from what we found on 
May 31. On September 17 Messrs. J. Adams and W. Cum- 
mings made the ascent to see what changes had been wrought 
by the tremendous eruption of September 3-4. They reported 
that the crater was filled up to about the level of the surface 


* A sample of the material thrown out by the eruption of the Soufriére 
September 3 was received from Mr. Durrant September 25 and has been 
examined under a hand-lens. It consists of fine and coarse volcanic sand 
and gravel, apparently for the most part comminuted ancient lavas of the 
voleano. The fragments from 3 to 15 millimeters across show the coarsely 
erystalline structure of the old lavas and many of them show that they are 
parts of weathered masses. Olivine, pyrite (pyrrhotite ?) and porphyritic crys- 
tals of feldspar, hypersthene and hornblende are abundant in these frag- 
ments and the separated minerals make up a large proportion of the particles 
about 2 millimeters in diameter. A comparatively large fragment (20™™ in 
diameter) shows phenocrysts of feldspar imbedded in dark brown and light 
brown scoriaceous glass which is apparently fresh. All the fragments and 
the particles of sand are coated with dust which seems to be as fine as any 
that fell during the May eruptions, so that the explanation of Mr. Durrant’s 
statement regarding the relative absence of fine dust from the ejecta of Sep- 
tember 3-4 may be that the wind carried most of such material northward 
and westward away from Kingstown, his point of observation. The cloud 
from this eruption of La Soufriére is reported to have produced darkness for 
about six hours on September 4 in Fort de France, Martinique. 

The dust-coated sand is dark gray when dry, but is almost black when 
wet, justifying the description quoted from Mr. Durrant’s letter. Compari- 
son of this new material, however, with that collected by myself, May 23- 
June 10, indicates that there is no essential difference between the ejecta of 
the earlier and the later eruptions. 
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of the old lake (the one existing prior to May 7) with ash, and 
that there was a sloping surface from all sides down towards a 
depression in the middle. The slope was such that from 
almost any point they could have descended to the bottom. 
Steam was rising from several points, the most vigorous being 
from the spot most active on May 31. Around the central 
opening there was mud, and from the opening “fire” was 
being thrown up every two or three minutes, which fell back 
again, giving place to steam. There was an eruption during 
the night of September 17, and Mr. Cummings made another 
ascent on the 19th, when he found the crater cleared of ashes 
to the depth observed May 31 and with a small amount of 
water in the bottom, from and through which steam and “fire” 
were rising. The “fire” mentioned by Mr. Cummings must 
have been red-hot fragments of rock. A short violent out- 
burst occurred about 6 Pp. M. September 21, lasting about ten 
minutes in its most vigorous stages. 


La MontraGneE PELEE, MARTINIQUE. 


The destruction of human life overshadows every other con- 
sideration, in popular estimation, at least, when one speaks of 
the eruption of Mt. Pelée, Martinique, which took place May 
8, 1902. The sweeping of between twenty-five and thirty 
thousand human beings out of existence almost in a moment 
presents a holocaust with but few parallels in the history of 
the world. The present eruptions of Pelée and the Soufriére 
will not, however, take first rank among those which have 
torn these and other Caribbean volcanoes, but they are exten- 
sive enough and are of such a character as to merit the study 
they have been and are receiving. 

Mt. Pelée, like La Soufriére, gave warnings of the approach- 
ing catastrophe, but they were not heeded by the inhabitants 
of Martinique. The waters of the Lac des Palmistes became 
very noticeably warmer than usual several months before the 
eruption took place; rumblings were heard and steam began 
to issue from the old crater some weeks before dangerous 
activity began ; a fortnight before the first great eruption took 
place the earthshocks were sufficiently strong to displace dishes 
on the shelves of the house of Mr. Prentiss, the American 
Consul in St. Pierre. The volcano became so threatening that 
some uneasiness was felt by the people dwelling on the slopes 
of the mountain, but the citizens generally were so deeply 
interested in a political contest in which race prejudice was 
playing an important and bitter part, that they paid little atten- 
tion to the returning activity of the dangerous mountain on 
and near which they lived, until it was too late for them to 
escape with their lives. 
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The area of devastation caused by the eruptions of Pelée 
J from May to July inclusive was less than that due to that 
of La Soufriére (compare maps, fig. 1, p. 320, and fig. 2, below. 
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4 The cross-lined area shows approximately the portion of the island devas- 
tated by the eruptions of Mt. Pelée, from May 5 to July 6, 1902. The 
tremendous outbursts of August 25, 28 and 30 and September 3 extended 
the ruin greatly on the north, east and southeast sides of this area, so that 
nearly all of the region represented here, with the exception of a few square 
miles in the southeastern corner, now is included within the zone of destruc- 
tion. The dot-and-dash lines indicate the principal routes traversed by the 
author while on and near the volcano. 


Plotting the area on the Admiralty chart as well as possible, 
after cm ae all sides of the voleano, and measuring it with 
a planimeter, I find that thirty-two square miles of Martinique 


were laid waste by dust, lapilli, stones and “mud.” The area 
is not as symmetrically disposed about the crater as is the case 
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on St. Vincent, probably because the crater of Pelée is so 
much lower on the southwest than on the other sides and the 
great gash opening into the gorge of the Riviére Blanche, 
together with the configuration of the neighboring “ mornes,” 
or ridges, has given direction to all the violent explosions 
which have occurred. Although the whole island has received 
débris from some of the outbursts and dust has been scattered 
over a wide area, the district over which the vegetation was 
killed, at least temporarily, is included within a line beginning 
at the sea coast, about midway between St. Pierre and Carbet, 
though the palm trees along the coast at the base of the bluffs 
were scorched as far as Carbet Point itself. Passing inland 
about a mile, the line curves sharply to the north and east of 
north to the Roxelane River, then goes northeastward along 
this river and one of its tributaries, paralleling the main street 
of Morne Rouge within a quarter of a mile, swings then to 
the east of La Calebasse and rises somewhat on the northeastern 
flanks of Pelée, apparently passing along the south side of Pain 
de Sucre and then northwestward, leaving the island midway 
between La Perle Rock and Cap St. Martin. Mach of this 
area is already springing into verdure again; the grass was 
already very noticeable on the hill slopes encircling St. Pierre 
by July 1, and green vegetation was to be seen even nearer 
the source of destruction. When I first arrived at Martinique 
(May 21) the line between the scorched and unscorched areas 
was strikingly sharp, and was still very noticeable six or seven 
weeks later. In many places the line of demarkation passed 
through single trees, leaving one side scorched and brown, 
while the other side remained as green as if no eruption had 
occurred.* 

The material ejected by Pelée during this series of eruptions 
consists of dust in vast quantities,+ fine and coarse lapilli, 
breadecrust bombs (see fig 3) of all sizes from one inch to 
three feet and more across, and blocks of small and great size, 
the cracked condition of which shows that they have been 
highly heated. The freshly fallen ashes had a curious resem- 
blance to snow, which gave a peculiar Alpine aspect to the 


* The tremendous eruptions of August 25, 28 and 30 and September 3 have 
extended the: devastated area greatly on the northeast, east and southeast 
sides of the area of destruction indicated on the accompanying map. It now 
extends as far as Carbet, and includes Morne Rouge, but the reports thus far 
received do not clearly show whether it reaches quite to the coast on the 
north and northeast or not. Tho eruption of Mt. Pelée now must nearly if 
not quite equal that of La Soufriére in magnitude. 

+ One hundred and twenty tons of dust and lapilli were removed from the 
decks of the Roddam after her arrival in the harbor of Castries, St. Lucia, 
according to the personal statement of one of the agents of the line to 
which the steamer belonged. 
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mountain, and is noticeable in some of the photographs. No 
stream of molten lava has issued yet from the voleano as a 
feature of this eruption, though such flows were common in 
the early history of Pelée, as they were in that of St. Vincent’s 
Soufriére. The bread-crust bombs prove, however, that much 
lava has been thrown out in the condition of half-melted 


Figure 3,—‘‘ BrEapcrust’”’ Boms FRoM Mr. PEL&E, 


Collected on the Séche-Blanche plateau, three miles from the crater. The 
specimen is two feet two inches high. 


masses. These bombs usually are more or less pumiceous in 
texture, and they show the “ bread-crust” surface much more 
distinctly than do the more basic bombs of the Soufriére. 
The largest of the bombs observed was one fifteen feet lon 

on the southeast slope of Morne Lacroix at an elevation o 

3950 feet above the sea. The largest ejected block that we 
saw was one on the surface of the mud-flow between the rivers 
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Blanche and Séche and not more than two hundred yards from 
the sea coast. Its dimensions are about 22 feet high, 30 feet 
long and 24 feet broad (see fig. 16), and it is of the light-gray 
andesitic lava forming one of the ancient lava beds near the 
summit of the mountain. When I inspected this block on 
June 25, I found it too hot on the surface to bear the hand 
upon it long at a time; the great mass was cracked in several 
directions, and steam and sulphurous gases were emanatin 
from the cracks. It seems certain that this enormous bloc 
was thrown out of the crater in a highly heated condition 
during the present eruption, but it may have reached the place 
where it now is partly through the agency of the great mud- 
flow on which it rests. Many other great bowlders, some of 
which are of nearly half the dimensions of the one just 
described, lie near by on this mud plain. 

The area of distribution of the ejecta cannot be designated 
accurately yet for lack of data. The U. 8S. collier Leonidas 
received a quarter of an inch of dust on her deck from the 

reat outburst of June 6 when she was 102 miles west of 

artinique. It took the ship from 3 P. M. until nearly 6 
o’clock to traverse the cloud of dust. This eruption began at 
10.15 a. M. and was one of the heaviest of the whole series. 
I was in Georgetown, St. Vincent, at the time and felt the 
shock distinetly. From 3 o’clock onward that afternoon until 
after sunset heavy clouds of dust from the Pelée eruption 

assed over St. Vincent, much of it falling upon the island. 

he top of the cloud of dust as it passed over the mountains 
seemed to me to be about 6000 feet above the sea, so that the 
last deposits must have been made far south of St. Vincent. 
Kingstown is about 110 miles south of Mt. Pelée. The shocks 
or detonations from some if not all of the great outbursts were 
felt in St. Kitts and Trinidad, though not in some of the 
intervening islands. 

Two illustrations of the foree with which the bombs and 
blocks strike may be permitted here. On the sea coast near 
the Fort Villaret church in the portion of St. Pierre north of 
the Roxelane River there was a large distillery in which there 
were four big storage tanks constructed of quarter-inch boiler 
iron plates riveted together. These tanks look as if they had 
been through a bombardment by artillery, being full of irregu- 
lar holes which vary in size from mere cracks at the bottom of 


indentations to great rents 24, 30 and even 36 inches across, 
while a strip several feet long was torn off from each of two. 
The direction of impact was essentially the same in all instances, 
namely, from the crater. The other illustration is found on the 
southeastern flanks of Mt. Pelée, along the trail leading from 
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Morne Rouge to the summit, where numerous spoon-shaped 
depressions occur in the rather loose soil of the mountain side, 
especially between the elevations of 2400 and 3000 feet above 
tide. These holes are of all sizes from 2 feet in diameter 
upward, the largest one which I saw being 40 feet long, 25 
feet wide and 5 feet deep, but the depth had evidently been 
reduced by the sand which had been washed into it by recent 
rains. The longer axis of this depression was N. 50° W., 
pointing directly at the crater, and the longer axes of all the 
other holes observed were pointing toward the same center. 
The deepest part was on the up-hill side. On the down-hill 
side of each depression was found the cause of the phenomenon, 
and it was a bomb or ejected block from the volcano, which 
had struck the ground with a splash, throwing the earth in all 
directions and usually bounding or rolling out of the hole 
which it had made. Sometimes the blocks which did the 
work were found intact, but more frequently they had burst 
asunder after striking. All showed that they had come out of 
the voleano in a highly heated condition. Such splashes as 
these can be made experimentally on « small scale in any bed 
of stiff mud by means of well-directed stones. 

Many stones must have fallen in St. Pierre, but they are so 
mingled with the rubble stones from the walls of the ruined 
buildings that usually they are not easily distinguishable there- 
from. Great quantities of small, rounded fragments of yellow 
— are to be found now amid the ruins, the fine gray dust 
1aving been washed away to a considerable extent by the 
copious rains which have fallen since the great eruptions. 
Most of the pebbles of pumice were less than three inches in 
diameter. They are evidently from the old tuff agglomer- 
ate and must have been torn from the beds through which the 
voleanic vents pass and from the interior of the old cone. 
Stones fell all over the island in some of the eruptions. 

Four ascents of Mt. Pelée, in the course of which the crater 
rim was traversed from the great chasm on the southwest along 
the southern and eastern edge more than two-thirds of the way 
around the circle, and the remainder also of the rim was clearly 
seen, enabled Curtis and me to form a reasonably definite idea 
of the center of activity and what was going on therein. Twice 
we followed the trail from Morne Rouge to the summit, which 
led us for a considerable distance along the right (southern) 
brink of the canyon of the Falaise River, and on the day inter- 
vening between these ascents we examined the gorge of the 
Falaise carefully from the point where the Morne Rouge trail 
to the summit strikes it nearly to its junction with the Capot 
River, a mile or more beyond the area of devastation. The 
upper reaches of the gorge certainly present the scene of deso- 
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lation so graphically described by George Kennan,* but the 
“ Falaise crater” mentioned by him and by Professor Heil print 
and indicated on Hill’s mapt can hardly be a true crater. We 
saw the same accumulations of voleanie ash in the gorge at an 
elevation of 1800 to 2000 feet above the sea (aneroid reading) 
that Heilprin and Kennan mention as forming a crater from 
which mud-flows were hurled down the gorge to the sea, and 
we saw steam issuing from them, but to us who had studied the 
phenomena on St. Vincent it seemed perfectly evident that 
the outbursts in the gorge of the Falaise were comparatively 
feeble examples of secondary or superficial eruptions of the 
same character as those which took place on such a grand scale 
from the ash-beds of the Wallibou and Rabaka Dry Rivers. 
This was the history of events in the Falaise and probably at 
Basse Pointe, Maconba, Grande Riviére and other places ; and 
it was the history of some, but not all, of the mud-flows in the 
Précheur, the Mare, the Blanche, the Séche and the Des 
Péres Rivers. Since the eruptions began there have been 
great floods in the Roxelane River, but it seems doubtful 
whether or not this stream has carried any true mud-flows 
down its gorge. 

The actual crater is apparently somewhat oval in shape, 
with its longer axis stretching northeast and southwest. The 
highest point of the rim is on the northeast side and is what is 
left of the peak known as Morne Lacroix. By taking the 
— between the readings of our two barometers, we deter- 
mined its altitude to be 4200 feet above the sea.§ It consists 
of ancient andesitic lava. Almost directly opposite this is the 
lowest point of the crater, where the great gash formed by the 
gorge of thie Riviére Blanche occurs. The bed of andesite 
forming what may be considered the rim of the crater on the 
southeast side of the gash is 3350 feet above the tide, while the 
real bottom of the gorge where it issues from the crater is five 
or six hundred feet less in altitude. From this lava bed the 
rim rises rapidly (30° to 35°) to about 3750 feet above tide (see 
fig. 13), and then more gradually along the southern edge until 
3950 feet is reached on the eastern edge. The northwest side 
of the southwestern gash is formed by a pinnacle of ancient 
lava which appears to be about 4000 feet above the sea, but 
may be higher. From this point the rim drops somewhat 
toward the north, but gradually rises again toward the east 


* The Outlook, vol. lxxi, pp. 773, 774, 26 July, 1902. 
- +McClure’s Magazine, vol. xix, p. 363, August, 1902. 

¢ National Geographic Magazine, vol. xiii, p. 260, July, 1902. 

§The French engineers located at Martinique are reported to have deter- 
mined (by triangulation ?) that Morne Lacroix had lost 150 feet during the 
eruption, making its present altitude 4273 feet above tide. 
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until the point of rock on the northeast, already mentioned, is 
reached again. This great crater is about half a mile across, an 
estimate that is based upon the proportion which it bears to the 
height of the mountain, looked at from the sea, and from the 
fact that it took us twenty minutes to walk along the southern 
third of the rim from our first cairn to the Riviére Blanche 
gorge without stopping. The walking was not bad, consider- 
ing the location of the route, and I should estimate the distance 
traveled in this time at not less than half a mile. 

The breadth of the rim varies from a mere knife-edge on the 
south, north and northeast sides to a sloping plateau fifty 
to one hundred yards wide on the eastern side. This plateau 
is the site of the Lac des Palmistes, which was considered to be 
the old crater lake of Mt. Pelée. Studying this plateau care- 
fully, we saw that it sloped gently southward and eastward from 
one side of a low divide running northeastward from Morne 
Lacroix across to a high ridge which paralleled the northern 
and northeastern sides of the crater. On the northwest side 
of this divide, the altitude of which was 3950 feet above tide, 
there is a shallow valley which rapidly changes into a gorge 
discharging into the canyon of the Précheur River. Heilprin’s 
description* and his unpublished photographs show the existence 
on the plateau of a small lake-basin not more than five or six 
feet deep. He and his companion, E. E. Leadbeater, a New 
York photographer, state, furthermore, that this plateau and 
this portion of the crater rim were entirely or practically free 
from ash and dust deposit. When Curtis and I visited the 
spot, June 18 and 20, the surface was coated with a thick layer 
(more than four feet deep in places) of dust and ashes, probably 
from the great eruption of June 6. This materal had drifted 
into depressions to such an extent that we saw no indication of 
the existence of a lake-basin in this plateau. We had a per- 
fectly clear and cloudless period when on the spot, and saw the 
topography with distinctness. I cannot think that the plateau, 
including the lake basin, ever has been a primary crater or 
center of eruption, though at the time of my visits the ground 
was hot, a scalding temperature being reached less than a foot 
from the surface, and steam was issuing from numerons crev- 
ices. This was the site of the Lac des Palmistes, but that lake 
was not located in the great ancient crater of Mt. Pelée.t+ 

* Op. cit., p. 360. 


+The photograph of the Lac des Palmistes published by Dr. Emil Deckert 
on page 425 of the Zeitschrift der Gesellchaft fiir Erd-kunde zu Berlin 


for 1902 shows that body of water as it appeared in the rainy season of 1898. 
Deckert describes the lake as being but 2 meters deep and as lying in the 
middle of a morass or swamp upon a bed of lava. He regards this asa 
crater lake, though he mentions the fact that there is not and probably never 
could have been any crater wall on the east and north [south] sides. The 
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Judging from the account of the guide Romain, * from the 
“Notes relating to the history of the eruption of 1902,” as 
translated in the Century Magazine+ from the issue of Les 
Colonies for May 7, from the description by Lafceadio 
Hearnt and from my own observations while on and near the 
mountain, the Etang See was the real erater lake of Mt. 
Pelée corresponding, though dry since the eruption of 1851, 
to the crater lakes of La Soufriére, on St. Vincent, Mt. 
Misery, on St. Kitts, and others. Its basin is said to have 
contained water until the eruption of 1851 drained it. The 
Etang Sec is stated to have been 700 meters (2300 feet) 
above the sea; its plain was estimated to be about 300 meters 
(986 feet) across, and the great circle surrounding it was judged 
to be about 800 meters (2628 feet) in diameter at top. This 
last estimate agrees closely with my estimate of the diameter 
of the present crater at top. The walls of the ancient crater 
must have risen almost precipitously from 1600 to 2100 feet 
above the Etang Sec, except on the sonthwest, where was 
located the great gorge through which flowed the waters of 
the Riviére Blanche, the sources of which were in the eastern 
side of the ancient crater.§ Before the eruption which began 
last April, the crater of Pelée, except for the size of the great 
gash, must have been very much like the crater of St. Vin- 
cent’s Soufriére and that of Mt. Misery, St. Kitts, as I saw it 
July 8 on my way home, and probably those of the other 
voleanic cones of the Lesser Antilles. 

The whole interior of the crater was not seen entirely free 
from steam at any one time, but enough was observed to 
determine its character in its eastern, southern and western 
portions and to infer the shape of the remainder. The crater, 
like that of the Soufriére, is in the top of «a broad, truncated 


eastern end of the ‘‘Somma” ring of Pelée bounds the little plateau on the 
north, but there is no cliff to the south ; on the contrary, the plateau slopes 
off to the south into the head ravines of the Falaise River. It seems as if 
Deckert must have gotten his north and south points interchanged in his 
description. The two smail craters of 1851 mentioned by Deckert (loc. cit., 
p. 426) are covered now, probably, by the inner cone, while the series 
of little craters in the gorge below those of 1851 must have become covered 
by the débris from the same cone, or have had the evidences of their 
existence destroyed by the tornadic blasts of the present eruption. 

*The Century Magazine, vol. Ixiv, p. 623, August, 1902. Translation from 
Les Colonies of May 5. 

er Century Magazine, vol. Ixiv, p. 631, August, 1902. 

‘*Through a cloud-rift we can see another crater-lake twelve hundred 
feet below, said to be five times larger than the Etang we have just left [the 
Lac des Palmistes, near the summit]; it is also of more irregular outline. 
- - . . It oceupies a more ancient crater and is very rarely visited ; the path 
leading to it is difficult and dangerous,—a natural ladder of roots and lianas 
over a series of precipices.”—Two Years in the French West Indies, by 
Lafcadio Hearn, p. 288. 

§$See Romain, loc. cit. 
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cone of ancient tuff agglomerate alternating with lava beds. 
Some diametral enlargement has taken place, perhaps, during 
this eruption, though not enough to change the sky-line of the 
top to any great degree, except in the southwest side, where 
the old gash has been greatly widened, and perhaps deepened. 
The lower part of the outside of this old cone has an angle of 
slope of 20°, while the upper part is as steep as 30°, according 
to my determinations. Measurements of the inner slope gave 
values of 40° to 65° in the portion carved out of the old 
agglomerate, but the angles increased to 75°, 85°, and even 
showed great overhanging blocks on the eastern side where 
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Horizontal and vertical scales the same. Elevations estimated, except on 
northeast side. The shape of the crater in the inner cone is entirely infer- 
ential. The relation of the great southwestern gash to the fragmental cone 
is indicated by the dotted line. The broken lines complete the profile of the 
great ancient crater as it existed, probably, before the eruption of May 8, 
1902. The fragmental cone was the scene of greatest activity, but there 
seemed to be another important center of eruption in the northeastern por- 
tion of the crater at the base of Morne Lacroix. 


the old lava beds form the rim. In the western portion of the 
crater rises a cone of fragmental material, consisting of dust, 
ashes and large and small blocks and bombs. This cone is the 
scene of the greatest activity in the crater and it grew materi- 
ally in size between the day when I first saw it, May 21, and 
July 6, when I got my last glimpse of it. It now entirely 
covers the site of the Etang Sec and partly fills the old crater, 
and probably more than compensates for the material torn and 
undermined from the old walls and thrown out by the erup- 
tive action of the voleano. A large proportion of the activity 
of the volcano, aside from that of the great outbursts, has 
gone into the building of this cone. The accompanying profile 
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(p. 340) indicates the probable relationships between the inner 
cone and the old crater. 

The illustration, fig. 14, gives the sight I obtained of the 
inner cone from the eastern side of the crater. At that time 
its top must have been just about on a level with or, perhaps, 
somewhat higher than the camera, which was 3950 feet above 
tide, by aneroid reading. The photograph shows that there 
was a depressed crater in the top of the inner cone. My 
measurements of the angle of slope of the southern side of 
this cone determined it to be 38° to 40°, but there were pre- 
cipitous portions. The material which rolls and slides down the 
southwest side of this cone continues directly into the gorge 
of the Riviére Blanche. The steep-sided valley formed by the 
inner cone and the inner slopes of the crater-rim forms a 
continuation of the gorge of the Blanche and rises at a con- 
siderable angle from the southwestern gash to the base of the 
rocky precipice on the eastern side of the crater, where it may 
be 800 feet in depth. The valley probably continues around 
the northern side of the inner cone rising in a spiral, for it 
appears at an elevation of at least 3600 feet on the western 
side, between the rim of the crater and the cone on the north- 
west side of the great gash. The new fragmental cone rises, 
apparently, on the site of the new crater mentioned by 
Romain, a conclusion which seems to be in agreement with 
the account of the eruption of May 8 by M. Fernand Clere as 
given by Kennan,* which is as follows: “ About eight o’clock, 
with a rending, roaring sound, a great cloud of black smoke 
appeared suddenly on the southwestern face of the volcano 
near its summit, and rushed swiftly down in the direction of 
St. Pierre, . . .” Before this outburst, M. Clere had been 
observing the great column of vapor rising from the other 
principal center of eruption, which is located in the valley 
within the great crater at the base of the high point of rock 
on the eastern edge (the remains of Morne Lacroix). At 
intervals columns of steam rise energetically from other parts 
of the crater valley.t+ : 

* The Outlook, vol. 1xxi, p. 683, July 12, 1902. 

+ Morne Lacroix is reported to have disappeared altogether and the crater 
to have extended greatly toward the east during the great outbursts which 
occurred from August 25 to September 3. This may indicate that the vent 
under the new inner cone above described has become partly clogged, and 
that the main activity has shifted to the vent mentioned (see p. 340) as being 
east of the Etang Sec at the base of the western face of Morne Lacroix. If 
this has taken place, as seems highly probable from the reported destruction 
of Morne Lacroix, the new inner cone acted as a dam in the great south- 
western gash which played such an important part in the destruction of St. 
Pierre, so that the last eruptions came from a centrally located vent (like 
that of La Soufriére, St. Vincent) and the débris from the crater was dis- 
tributed more symmetrically about the cone. The position of the great gash 
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The history of the present series of eruptions may be epito- 
mized somewhat as follows: the gradually returning activity 
of the voleano began to make deal! very manifest in the latter 
part of April, since visitors to the crater found warm water in 
the basin of the Etang Sec on the 25th of that month, and the 
lake was deep. Columns of dust-laden steam rose from an 
opening within the old crater on the east side of the Etang 
Sec and from one on the west side of the same basin, and 
cones rose about these openings. Water in large quantity 
collected in the old lake basin, assisted, perhaps, by a dam 
formed across the gorge by the ejecta from the western crater. 
The water was heated by the action of voleanic forces. On 
May 5 the heated waters of the crater broke through this dam 
and rushed, as a deluge of mud and bowlders of all sizes, down 
the gorge of the Riviére Blanche, and overwhelmed the 
Guérin sugar factory, which was situated at the mouth of the 
stream. On May 8 began the series of great explosions which 
have sent steam, laden with sulphurous gases, dust, ashes and 
stones, again and again over the southwest slope of the 
mountain with the violence of a tornado, several times reach- 
ing to St. Pierre and beyond. The author would explain the 
blasts in the same way as in the case of St. Vincent (see p. 
326), but the great gash in the side of the crater of Pelée and 
the position of the neighboring ridges concentrated the force 
of the explosions in a certain direction and along a compar- 
atively narrow zone—and the city of St. Pierre with its 26,000 
inhabitants* and thousands of refugees lay in an amphitheatre, 
a regular cul-de-sac, directly in the path of the blasts. 

There seems to be no crater or center of primary eruption 
in the gorge of the Blanche below the great crater, or in the 
gorge of the Séche,t but there has been much secondary 


and neighboring cliffs with reference to the vent on the western side of the 
Etang Sec, which was the most active center of eruption in May, June and 
July, directed the blasts of the earlier eruptions toward St. Pierre and away 
from Morne Rouge. That directive factor having ceased to have force, 
through the growth of the inner cone and the (apparent) shifting of the 
center of activity to the eastern vent, Morne Rouge, a mile and a half nearer 
the crater than the middle of St. Pierre, came far within the area of destruc- 
tion and received the full fury of an eruption. 

* Population in 1895, 25,382, according to the Century Atlas. 

+Prof. Angelo Heilprin has stated in his article in McClure’s Magazine 
for August, 1902, and elsewhere, that eruptions have taken place from a 
crater located in the gorge of the Riviére Blanche some distance below the 
great crater. R. T. Hill has expressed the same idea in his extended article 
in the National Geographic Magazine (vol. xiii, pp. 251, 261) for July, 
1902, and speaks of this as the center from which came the blast that 
destroyed St. Pierre, calling it the ‘‘ Soufriére crater.” He has recorded the 
matter on a map which was published on p. 260 of the National Geogra- 
phic Magazine. Curtis was with Hill when the latter made the observa- 
tions on which this map was based, and therefore knew the spot intended to 
be represented. Curtis and I stood on the brink of the gorge of the Blanche 
overlooking it on June 24, examined it again with field glasses from the rim 
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action along the lower portion of their courses, and much 
steam, with or without large quantities of dust, has been 
thrown high into the air when water has reached the heated 
interior of the vast beds of volcanic ash deposited there during 
this eruption. Mud-flows and torrents have been very numer- 
ous down the gorges of these streams and on the plateau 
between them. Some of these flows have come directly from 
the crater, especially in the case of the Blanche; others have 
originated on the exterior slopes of the old cone, while others 
have started in the heavy ash-beds in the gorges in the manner 
already described in connection with the Wallibou River, St. 
Vincent, and the Falaise River on the eastern side of Mt. 
Pelée. The surface of one of the mud-flows on the plateau 
between the Séche and the Blanche is shown in fig. 17. Sub- 
sequent rain has washed the fine mud from the stones. 
hese streams of mud and stones present some characteris- 
ties which distinguish them clearly from the surfaces of undis- 
turbed ash-beds. The most striking of these is the existence 
of curved folds or wrinkles transverse to the direction of flow 
of the stream, the folds varying in size with the size of the 
flow. The surface of an unmodified deposit of ash presents a 
drifted appearance like that of a field of snow or of dry sand 
on a sea beach, and the Richmond estate as illustrated in fig. 6 
is a typical example. The plateau between the Des Péres and 
Roxelane Rivers, on which was located the Fort Quarter of 
St. Pierre, was covered with several feet of wind-drifted ash, 
and it was nota mud-flow or a series of mud flows which 
destroyed this portion of the city, as has been stated in several 
publications. 
In addition to the showers of dry dust and ashes, there fell 
during the eruptions an immense amount of liquid mud which 


of the crater. where we obtained a view directly through the gorge lengthwise, 
and repeated the examination from the crater rim on June 26. We could 
see no crater or center of eruption in the gorge of the Blanche below the 
great crater, though there has been much secondary or superficial eruption 
of steam from the ash-beds along the gorge. 

I cannot agree with the distribution of the ‘‘zones of devastation” 
indicated on Hill’s map or with the location of ‘‘ mud craters” as the origin 
of the mud-flows of the Séche, the Blanche, the Falaise and other valleys. 
It is well to separate the devastation into zones of ‘*‘ annihilation” and 
“*singeing,” in a general way, but the crater of the volcano should certainly 
be included within the former instead of being placed outside of the latter, 
as is done on Hill’s map. The real location of the singe line of the May 
eruptions is nearly that of Hill’s ‘‘ ash line” and is indicated approximately 
on my map (p. 332), where it is called the limit of devastation. The ‘‘ ash 
line” should be placed at some undetermined distance far beyond the shores 
of the island of Martinique. The existence of real ‘‘mud craters” on the 
slopes of Mt. Pelée seems very improbable, for the reasons given on pages 
337 and 338 and elsewhere in this article. The mud-torrents of the Grande 
Riviére, which were among the heaviest of those experienced on the north 
and northeast side of the island, are not indicated on Hill’s map. 
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had been formed within the eruption cloud through the con- 
densation of its moisture. This mud formed a tenacious coat- 
ing over everything with which it came in contact. That 
drops of mud, too, formed in the air and fell as a feature of the 
eruption is proven by the condition of the walls of the houses 
in Précheur, on which I found flattened spheroids of dried 
mud which could have formed only in the manner indicated. 
These flecks of mud were two, four and even six inches across, 
where two or more had coalesced. They occurred mostly on 
the northern and eastern walls of the houses. The testimony 
of the people as to the occurrence of rain during the great 
eruptions is conflicting, but the existence of this coating and 
these drops of mud proves that much aérial condensation of 
steam accompanied the outbursts. 

During the latter part of our stay on the crater rim on June 
24 the rain fell in torrents, and the deluge continued until we 
reached the foot of the outer cone on our return journey, the 
heaviest portion of the storm lasting for an hour or an hour 
and a half. Here we found the fumaroles sending out more 
steam than they did on our upward journey. When we crossed 
the Séche River, we found a foot and a half of yellow, muddy 
water in place of the two or three inches which we had noticed 
there in the morning. We had not climbed out of the lowest 
gorge of the river before our attention was attracted by the 
heavy eruption that was taking place from the crater, and that 
was sending enormous clouds of dust-laden steam down the 
gorge of the Blanche to a point below the so-called Soufriére 
crater. Thunder-like noises nearer at hand had already made 
themselves heard and in another minute a wall of hot water, 
ten or fifteen feet high, swept with railroad speed over the place 
where we had crossed the river, and rushed on tothe sea. The 
roar of the torrent was like that of a train, and the water dash- 
ing from side to side of the narrow gorge caused the ground 
on which we were standing to tremble like a ship when her 
propeller “races.” The water was thick and as black as ink 
with its load of volcanic ash, and it transported with ease bow]- 
ders five feet in diameter which it had excavated from its 
banks. In many, if not most instances, these bowlders were the 
ejecta of the present eruption. To the left a-stream of thick, 
yellowish mud was flowing down from the plateau of the 
Séche-Blanche which we had left a quarter of an hour before 
and was cascading into the Séche directly beneath us. Soon 
the black torrent cut into the ash-beds along its banks suffi- 
ciently to reach their still highly heated interiors and cause 
columns of steam to shoot hundreds of feet into the air. The 
steam columns carried great clouds of black and light-brown 
voleanic sand scores of feet upward. The hot area of the 
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plateau also was sending skyward great columns of steam, and 
the whole formed a scene seldom witnessed, difficult to describe, 
and never to be forgotten. The next day we measured the 
gorge and found that the Séche had deepened its channel at 
east ten feet in the loosely compacted recent ash during the 
hour which the flood lasted. 

In this instance it seems evident that there was close con- 
nection between the heavy rain, the eruption, and the black 
torrent. Two explanations present themselves for considera- 
tion: (a) the crater may have thrown a mass of accumulated 
rainwater and ashes bodily over into the head canyon of the 
Séche; (0) the rain which fell into the crater may have been 
the exciting cause of the eruption, but the mnud-torrent may 
have been due to the soaking of the heavy coat of ashes on the 
steep outer slope of the old cone at the head of the Séche until 
the resulting fluid mass slid off from the comparatively hard 
surface beneath and poured down the gorge of the river. 
There was plenty of water-soaked mud and ashes on the upper 
part of the mountain to supply the avalanche and some of it 
was on the verge of fluidity at the time of our visit, hence the 
latter explanation seems the more reasonable. The little tribu- 
tary of the Séche which empties into it on the southeast side 
close to our point of observation, did not show any correspond- 
ing torrent, because it does not head on the side of the great 
cone. 

The mud-flows which have descended the Précheur River 
canyon have had ample collecting ground in the “ Atrio del 
caballo,” to use a Vesuvian term, on the north and northeast 
sides of the great crater, where the fine dust settles in vast 
quantities ready, when sufficient water has been added to it, to 
descend through a narrow gorge into the valley of the Précheur. 
When I was walking along the crater rim above the “ Atrio” 
June 20, my footsteps started small mud-flows down the outer 
cone, so liquid was the mud at that time. The ordinary action 
of the voleano is to deposit dust of impalpable fineness on the 
inner face of the crater rim. When this deposit becomes thick, 
it is ready to be swept off by a copious rain and carried through 
the great southwestern gash, out of the crater and down the 
gorge of the Riviére Blanche as a mud-torrent or flow. There 
does not seem to the writer to be any need of locating “ mud 
craters” at the heads of or along the line of the gorges which 
have been the courses which these torrents of liquid mud have 
followed to the sea. 

Where the tuff agglomerate of the old (outer) cone had been 
freed from its coat of ashes, especially in its lower portion, 
i. e., from 1000 to 2000 feet above tide, it showed a smooth, 
somewhat fluted surface, the soft bowlders having been planed 
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off even with the matrix. The whole showed striations parallel 
with the slope, so that the surface looked like the glaciated 
rock surfaces so common in northern latitudes. The planing 
and the striations seem to have been due to the scouring action 
of the ash avalanches in this part of their course. They ceased 
where the steep slope of the cone changed to the gentle slope 
of the plateau, and thus gave opportunity for the material of 
the avalanches to check its descent and pile up. The sides of 
the radial gorges on the flanks of Mt. Pelée show approximately 
horizontal striations. Near the stream-beds such striations 
occur on both sides of the gorges, and are due to abrasion by 
the sand and stones carried by the torrents. High above the 
stream on the biuffs facing the crater there are similar stria- 
tions, but these must have been made by sand-blast action dur- 
ing the hurricanes of dust-laden steam, resulting from the 
explosions during the recent great eruptions. These striations 
extend to the very tops of bluffs rising 500 feet and more above 
the stream beds at their bases (see fig. 15). 

Erosion seems not yet to have cut deeply into the old land- 
surface since or as a feature tf the eruptions, because here and 
there all over the mountain side one can find undisturbed roots 
and charred grass still in place. The shore line from Ste. 
Marthe Point nearly to Cap St. Martin has been somewhat 
altered since the eruptions began, some of the river deltas hav- 
ing been built out by the new material brought down by stream 
and torrent, while others have been cut back by the waves. 
The most important example of the cutting back is near the 
mouths of the Séche and the Blanche, where local land-slides 
have assisted the sea in forming nearly vertical bluffs from ten 
to thirty feet in height. These bluffs show sections of the old 
and the new material now composing the plain. The little ash 
island* which was formed near the mouth of the Riviére la 
Mare between May 8 and 23, and which was visited on May 
23 by Mr. Curtis and two companions, had been washed away 
by June 14. The stone pavement laid on the beach of St. 
Pierre was cut into in places, perhaps by the return waves 
from the ocean accompanying the great outbursts. 

The mud-flow which swept down the Grande Riviére 
reached the village of the same name at 4 A. M., May 8, four 
hours before the eruption occurred which destroyed St. Pierre. 
Three other great mud-flows have traversed this river: on May 
11, June 6 and June 22, though no great eruption of Pelée 
took place on May 11 or June 22. The eruption of June 6 
was one of the heaviest that occurred ; this time the mud-torrent 
reached Grande Riviére village about an hour and a half before 


pd. Mentioned by Hill; The Century Magazine, vol. lxiv, p. 773, September, 
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the eruption took place. The flood of May 8 was the most 
violent and was three meters (about 10 feet) deep where the 
valley of the river opens onto the sea coast, according to M. 
Delsol Désiré, the mayor’s deputy of Grande Riviére. He 
gave me the foregoing particulars in regard to these floods. 
The fine mud of these flows entered the buildings on the banks 
of the river as if it had been thick syrup. In one room that 
we examined the line of highest level was even with the top 
of an ordinary table, which would show that the mud was 30 
inches deep in the room. At the time of our visit the deposit 
was nearly dry and it showed a shrinkage of but eight inches 
or 27 per cent. In another room the shrinkage was greater, 
showing that the mud there was thinner when it flowed in. 
Streams composed of such material as this would have great 
ened in the transportation of bowlders. The sizes of the 
owlders brought down by the mud-torrents and deposited on 
the flood plain of the stream above the village and in its old 
channel may be inferred from figure 18. Some of those meas- 
ured were eight feet across. The bowlders seem to be from 
old deposits, since they have weathered surfaces. They show 
fresh abrasion along edges and at corners, due to their recent 
trip down the gorge. The mud is made up of gray material 
from the present eruption, together with a large proportion of 
ellow sand from the old beds through which the river runs. 

he vast amount of material brought down by the torrents has 
extended the delta plain fully five hundred feet into the sea 
and has pushed out the shore-line for several hundred yards on 
either side of the mouth of the river. 

At Basse Pointe the history in regard to floods or torrents of 
mud has been similar. The principal disasters occurred on 
May 8 and 27, but the latter was the greater and most of the 
destruction was wrought on that occasion. Here too the deltal 
plain has encroached five hundred or six hundred feet on the 
sea and the ocean currents have spread the surplus material as 
a new beach for a long distance north and south of the mouth 
of the river, destroying the little artificial harbor of the town. 
Bowlders ten feet across were brought down and left in the 
town by the floods, and a deposit of sand, gravel and bowlders 
fifteen to eighteen feet deep rests upon the site of the old 
market place, which was at the mouth of the river. 

The ruins of the city of St. Pierre presented a very interest- 
ing field of study, but mostly in the line of speculations as to 
the cause or causes of the terrible destruction of human life. 
The walls of the houses (see fig. 11) showed that one or 
more blasts of tornadic violence had swept over the city and 
that they came from the direction of the crater of Pelée, for 
the east and west walls—transverse to the direction of the 
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crater from the city—were demolished more generally than 
the north and south walls. The direction in which most of 
the trees were felled indicates the same thing, but the trees 
in the angle of Morne Mirail, which rises behind the middle 
of the city; were thrown over at all angles progressively, show- 
ing that a vortex was formed there. As is indicated by the 
gradually decreasing degree of destruction in passing from the 
northern to the southern part of the city, the blast diminished 
in force as it progressed and expanded, but when it reached 
Ste. Marthe Point it still had strength enongh to throw the 
statue of Notre Dame de la Garde from its pedestal. The 
statue, which is of hollow iron ten or eleven feet high, now 
lies on the edge of the bluff with its foot about fifty feet S. 
10° W. from its original position on the pedestal, and directly 
in line with the crater.* The guns in the Ste. Marthe and 
Morne d’Orange batteries were thrown from their carriages in 
the same direction. More than once when | was on the rim of 
the crater or on the west flanks of the mountain I saw great 
clouds of dust-laden steam come out of the gash in the side 
of the crater with sufficient force to descend the gorge of the 
Riviére Blanche with great rapidity a full mile before rising 
in columns. It was not difficult to imagine that, if this hap- 
pened when the crater was sending a steam and dust column 
only one or two thousand feet high, the action would be vastly 
greater and even like a hurricane in violence when the crater 
was in full eruption and was sending its ash-laden steam column 
from five to seven miles into the air.t 

It does not seem necessary to call in any forces new or 
strange to the history of vulcanism to account for the phe- 
nomena attending the eruption of Mt. Pelée, or the destruc- 
tion of St. Pierre and its people. The “ flames” reported were 
perhaps the incandescent stones and bombs flying through the 
air; and these certainly would set fire to any combustible 
material upon which they fell. The officers of the French 
cable-repair ship Pouyer Quertier were eye-witnesses of the 
eruption of May 8 and describe the cloud as being black when 
it issued from the crater, but say that it became luminous as it 
approached the coast.{ Several times at night during our sta 


we saw the inner cone of the crater outlined and streaked wit 


*See Bul. Am. Mus. Nat. Hist., vol. xvi, pl. xlvi, fig. 2; and Nat. Geog. 
Mag., vol. xiii, p. 250, for illustrations. 

+ Lieut. B. B. McCormick, U. S. N., in command of the Potomac, was 
on his vessel in the harbor of Fort de France May 20 and made measure- 
ments of the angular distance to which the steam column rose during the 
great outburst that morning. The column subtended an angle of about 30° 
and the tug was thirteen and one-half nautical miles in a straight line from 
the mountain. 

¢ Heilprin, loc. cit., p. 367. 
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lines of “fire” due to the rolling and sliding red-hot rocks and 
lapilli, and this light was reflected from the steam clouds above 
the cone. The existence of notable quantities of burning or 
inflammable gases in the discharges from the voleano seems to 
me to be as yet undemonstrated. 

On two occasions, June 24 and 26, I went into the crater for 
a short distance beside the southwestern gash and several times 
was surrounded with heavy clouds of steam from within the 
abyss. The steam, which was warm, but not hot, when it 
reached me, contained much sulphur dioxide, SO,, and at 
times some hydrogen sulphide, H,S, but I could not detect the 
odor of any other gas. The sulphur gases made the atmos- 
phere difficult to breathe, but the most uncomfortable sensation 
was due to the irritation caused by the fine, angular dust get- 
ting into the respiratory passages and the eyes. Such a mix- 
ture, raised to a high temperature, and containing a large 
amount of dust and a considerable percentage of sulphur gases, 
would be almost instantaneously fatal to life. It was a cloud 
like this that rolled over and enveloped St. Pierre for several 
minutes about eight o’clock in the morning of May 8, and 
must have caused most of the deaths. Some of the other 
causes of death were, (1) blows from falling stones which had 
been hurled out from the voleano, (2) crushing beneath falling 
walls and various objects (one man was found with his back 
broken by a sign which had fallen from over a store front), (3) 
burns due to hot stones and dust, (4) burns caused by steam 
alone and (5) by steam mingled with dust, (6) cremation in 
burning buildings, (7) nervous shock, (8) suffocation from lack 
of respirable air and, perhaps, (9) lightning. No autopsy was 
made on any of the thousands of victims of the disaster on 
Martinique, although men capable of performing such opera- 
tions had the opportunity of making them within a very few 
hours after the eruption ; hence there is no sure way of deter- 
mining whether poisonous gases other than those mentioned 
played any part in the destruction of life. Immanuel Lédée, 
one of the survivors of the crew of the Roraima, told me 
that when the mucous membrane of his mouth, throat and 
nose sloughed off on account of the burning, it was found to 
be full of the fine black (gray) dust. He was taken to the 
hospital at Fort de France after the eruption. Samson Cil- 
Barice,* the prisoner who is the sole survivor of the persons 
within St. Pierre at the time of the eruption, told’ me in 
Morne Ronge on June 18 that it was the hot dry “sand” 
which sifted in through the window of his cell that caused 
his terrible burns. 


* This name is spelled very differently in the various accounts of the dis- 
aster. The spelling here adopted is that given me by my interpreter. 
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The term “stellar lightning” has been proposed by George 
Kennan for the particular form of electrical discharge charac- 
terizing the eruptions of Mt. Pelée. This expression, how- 
ever, implies that the bolts shot out radially from a center in 
all directions at the same instant, whereas the shafts flew out 
successively in the different directions. Often they seemed to 
come from centers, but this appearance probably was due to 
the foreshortening of the line along which the successive 
flashes originated. The amount of electricity generated by the 
friction of the ascending column and the moving clouds of 
dust-laden steam against the surrounding atmosphere was very 
great, but much of the discharge seemed to be comparativel 
noiseless. At midnight of June 26 an eruption occurred whic 
sent up a steam column to a height estimated at 12,000 feet 
above the top of the mountain. Much of this scintillating* 
lightning played about the column and the “mushroom” 
cloud above, but no sound of thunder could be heard from our 
sloop, which was at anchor off Carbet, seven miles distant. 
The same form of electrical discharge was observed in connec- 
tion with the great outbursts of La Soufriére on St. Vincent. 
The electrical phenomena attending the September eruptions of 
Mt. Pelée are described as having been even more magnificent 
and terrifying than those observed in connection with the 
earlier explosions. 

American Museum of Natural History. 

October 11, 1902. 

* “‘Coruscating” is the excellent descriptive term applied by Dr. Jaggar 

to these discharges. 
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Photograph by E. O. Hovey. 
La SOuFRIERE. SOUTHWESTERN PART OF CRATER-RIM. 


Photograph by E. O. Hovey. 
La SOUFRIERE. SOUTHEASTERN PORTION OF CRATER. [Page 351. 
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[Page 352. 


Wind-drifted surface of undisturbed ash-bed. 


Photograph by E. O. Hovey. 
La SouFrri=RE. SECONDARY OUTBURST IN ASHBED OF WALLIBOU RIVER. 


Dendritic erosion developing. 
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Photograph by E. O. Hovey. 


La SourritrReE, Mup-COVERED RIDGE aT 1500 FEET ALTITUDE. [Page 353. 
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Photograph by E. O. Hovey. 
La SourrImRE. ASH-FILLED GORGE OF THE RABAKA Dry RIVER. 
New deposit is said to be 200 feet deep. 
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Photograph by E. O. Hovey. 
La SourriirE. WINDWARD SIDE. TREES FELLED AND CARVED BY VOLCANIC BLA“T. 
Page 354. 
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Photograph by E. O. Hovey. 
Ruins OF St. PreRRE, MARTINIQUE. MT. PELEE IN BACKGROUND. 


Photograph by E. O. Hovey. 
Ruins oF St. Prerre, MARTINIQUE. VALLEY OF RiviiRE ROXELANE. 
[| Page 355, 
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Photograph by E. O. Hovey. 
Mr. PELEE. SOUTHEASTERN PART OF CRATER-RIM AT 3750 FEET ALTITUDE. 


Photograph by E. O. Hovey. 
Mr. PELEE, INNER CONE’; FROM EASTERN EDGE OF CRATER AT 3950 FEET ALTITUDE. 


Page 356. | 
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Photograph by E. O. Hovey. 
Mr. PeELEec. BLUFF IN CENTER OF VIEW SHOWS SAND-BLAST ACTION OF VOLCANIC TORNADO. 


Photograph by E. O. Hovey. ; 

Mr. Pete. EJECTED BLOCK OF ANDESITIC LAVA ON S&CHE-BLANCHE PLATEAU, 3 MILES 
FROM CRATER. 

Dimensions 30' x 24’ x 22’. [Page 357. 
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{ Photograph by E. O. Hovey. 

4 Mr. PELE&E. SURFACE OF ‘“‘MUD-FLOW” ON SECHE-BLANCHE PLATEAU AT 800 FEET ALTITUDE, 
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Photograph by E. O. Hovey. 
GRANDE RIVIZRE, GREAT BOWLDERS BROUGHT DOWN BY MUD-TORRENTS OF May AND JUNE, 1902. 
Page 358. ] 
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Art. XXXIV.—On the Reflection of Electric Waves at the 
Free End of a Parallel Wire System; by Henry A. 
BUMSTEAD. 


WHEN electrical waves are sent along two straight parallel 
wires, and a series of standing waves is formed by reflection 
from the unconnected ends of the wires, it is found that the 
distance from the ends (where one would expect to find a loop 
for electric force and a node for current) to the first node for 
electric force is less than a quarter wave-length as determined 
elsewhere along the wires; and the discrepancy always appears 
whether the measurements are made by means of a resonator 
or by the sliding bridge method of Lecher. This apparently 
anomalous behavior excited considerable attention among the 
earlier experimenters and writers upon this subject, and sev- 
eral attempts at an explanation, by means of special assum p- 
tions, have been made.* A more careful consideration of the 
question, however, shows that even with perfectly conducting 
wires, and without any modification of Maxwell’s theory, or 
any assumption of the escape of charge into the air, a displace- 
ment of the current node beyond the end of the wires is to be 
expected theoretically and that its magnitude should be of the 
same order as that which is found experimentally. 

The cause of the phenomenon is perhaps most easily seen 
by using Mr. Heaviside’s ingenious device of considering elec- 
trical resistance in the guiding wires as approximately equiva- 
lent to a fictitious magnetic conductivity in the dielectric. Thus 
if the vectors E and H are the electric and magnetic forces at 
any point and € the total current, the fundamental equations 
of the field, in the form used by Heaviside and Hertz, are 


curl H = 4rC (1) 
~—curl EF = »H (2) 
C is the sum of the displacement and conduction current in 
the dielectric, so that 
K 
C= E+/E 
where K and / are respectively the dielectric constant and 
conductivity of the medium. Equation (1) thus becomes 
curl H = KE+47fE (1') 
If we assume that the medium possesses also a magnetic con- 
ductivity, g, then (2) takes the entirely analogous form 
—curl = +H + 4rgH 
* See Poincaré, Les Oscillations Electriques, arts.*110 and 125. ‘ 
Am. Jour. So1.—Fourts Srrizs, Vou. XIV, No. 83.—Novemser, 1902. 
25 
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If now we are dealing with plane waves, propagated alon 
straight and perfectly conducting guides parallel to the axis of 
z, then E and H are in planes perpendicular to z and eut 
each other orthogonally at all points. The actual form of the 
lines of electric and magnetic force may, of course, vary greatly 
with the shape and size of the guides, but, if we follow any 
plane in the wave, the line integral of E from one guide to 
the other is independent of the path, so long as we stay in the 
plane; and, with this understanding, it may be called the dif- 
ference of potential between the wires, V. In like manner, 
the line integral of H about a closed circuit embracing one of 
the wires is a constant, and equal to 47I where I is the current 
in the wire at this point. It should be observed that this cur- 
rent has nothing directly to do with the current C in (1), but 
is, from the present point of view, to be regarded merely as 
the line integral of the magnetic force. 

The advantage in using the scalars, V and I, instead of the 
vectors, E and H, in treating plane waves, is apparent, since 
V and I vary only with the codrdinate along the wire, 2, and 
the problem reduces to one dimension. Equations (1’) and (2’) 
become, respectively, 


1 
=sv+ev (3) 
dv 


where S and L are the capacity and inductance of the system, 
G is the total electric conductance of the medium from one 
wire to the other, and F is the total magnetic conductance of 
the medium in circuits about the two wires following the lines 
of magnetic force; all these being measured per unit length 
along z. 

It is immediately apparent from these equations that the 
rate of dissipation of energy in a wave plane, whose thickness 
is dz, is GV*dz due to the electric conductivity, and 4FI’dz 
due to the magnetic conductivity ; and both take place through- 
out the plane. 

The approximate equivalence of magnetic conductance in 
the medium and electrical res¢stance in the guiding wires is 
thus- made evident. If we now have no magnetic conduc- 
tivity in the medium, but a resistance, 4R per unit length, in 
each wire, where R = 47F, we shall still have the same dissi- 
pation per second in the plane, viz: RI’dz, and things will go 
on approximately as before. In fact, if we use one of the old 
theories, which ignore the action of the medium, to investi- 


* See Heaviside, Electromagnetic Theory, vol. i, p. 384, where, however, a 
different system of units is employed. 
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gate the propagation of electrical disturbance along resisting 
wires, we shall get exactly equations (3) and (4) with R in 
place of 47F. But on Maxwell’s theory, as Heaviside has 
pointed out, the correspondence is not exact; for, with the 
resisting wires, we shall no longer have strictly plane waves, 
as the electrical force is no longer normal to the wires; more- 
over the dissipation of energy does not take place throughout 
the plane but in the wires alone, and, unless the distance 
between the wires is small in comparison with the wave length, 
we must expect to find noticeable differences between the 
approximate theory and the results of experiment. 

t is in this lack of complete correspondence that the expla- 
nation is to be found for the apparent discrepancy mentioned 
at the beginning of this paper. ‘To make the matter some- 
what clearer, let us consider first the conditions when the ends 
are bridged. the perfectly conducting wires end nor- 
mally upon a plate of infinite extent with perfect electrical con- 
ductivity ; then, when any wave plane reaches it, the electric 
force will be instantly annulled throughout the plane, but the 
magnetic force will persist, and we must therefore have a 
reflected sheet with its electrical force in the reversed direc- 
tion, and its magnetic force in the same direction, as in the 
incident sheet. This can occur since the two sheets are mov- 
ing in opposite directions. Exactly at the plate we shall have 
a node of E and V, and a loop of H and I. If, instead of 
using the infinite plate, we bridge with a straight, perfectly 
conducting wire, we shall have nearly, but not quite, the same 
result; for now the electrical force is not instantly annulled 
throughout the whole plane, but only in the central portion ; 
and the outlying tubes of electric force must travel inward 
toward the bridge with the speed of light, thus generating 
lines of magnetic force which surround the bridge and, in 
general, making the reflection a complicated one. But the 
most conspicuous effect will be a delay in the vanishing of the 
electric force and a consequent apparent shift of the potential 
node (or current loop) beyond the bridge. As, with circular 
wires of equal section, one-half the whole number of unit 
tubes in the plane lie within a circle whose diameter is the 
distance between the wires, we should expect this shift to be 
not far from one-half the distance between the wires. Asa 
matter of fact, a displacement of the node beyond the termi- 
nal bridge of about this amount is always observed, but it 
excites no surprise, since even the most elementary considera- 
tions make it natural to add half the length of the bridge to 
the parallel wires, the middle of the bridge being, obviously, a 
center of symmetry. It is, however, frequently assumed that 
this correction would disappear if the bridge were a perfect 
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conductor ;* but the above considerations make it clear that 
this is not the case. 

But an exactly analogous thing happens also when there is 
no bridge, when the simple theory would not cause it to be 
expected. Thus, suppose the wires to terminate in an infinite 
plate having no electrical conductivity but infinite magnetic 
conductivity ; we now have reflection of the opposite kind to 
that in the previous case, for now the magnetic force will 
vanish while the electrical force will remain; and we shall 
thus have a node for H and I and a loop for E and V. If, 
instead of having the magnetically conducting plate, we cut 
the wires at this point, we have nearly the same effect; for 
infinite resistance in the wires is, as we have seen, approxi- 
mately equivalent to infinite magnetic conductivity in the 
medium. But the result is not quite the same, for the effect 
of the termination of the wires is felt, at first, only in the parts 
of the wave plane near the wire; it is equivalent, not to an 
infinite plane with magnetic conductivity, but to a little ring 
of intinite magnetic conductance, immediately surrounding 
each wire. These little rings will immediately annul the mag- 
netic force near the wire, but, as in the case of the wire bridge, 
the more distant tubes of force must come in with the speed of 
light and there is an entirely analogous delay and displace- 
nent of the apparent node beyond the ends of the wires. The 
shifting of the node should be about the same as in the pre- 
vious case, as, in fact, it is found to be experimentally ; if any- 
thing, it should be slightly less, for the imitation of a ring of 
perfect magnetic conductance by cutting the wire is probably 
closer than the approximation to a perfectly conducting bridge 
when a copper wire is put across the guides. 


Yale University, New Haven, Conn. 
*E. g., Drude, Physik des Aethers, bottom of page 465. 
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Art. XXXV.—The Opper Permian in Western Texas ;* by 
GrorGE H. Girry. 


DurinG the field season of 1901, as a member of a party 
under the direction of Mr. R. T. Hill, I examined a very inter- 
esting series of Carboniferous strata in western Texas. The 
route traversed was in part the same, though in an opposite 
direction, as that pursued by the expedition under Captain 
Pope in 1855, of which G. G. Shumard was a member. Our 
point of departure was El Paso, and we passed eastward, 
approximately along the thirty-second parallel, as far as the 
headwaters of Delaware Creek, in the Trans-Pecos region. 
There, finding that the old trail down Delaware was impractica- 
ble, we turned southward, meeting the railroad at Toya. 

The region of special interest was the Guadalupe Mountains, 
where Shumard collected a number of species, subsequently 
described by his brother, B. F. Shumard, which indicated the 
existence at this point of a peculiar Carboniferous fauna, essen- 
tially different from anything known elsewhere in North 
America. Shumard gives the following section of the Guada- 


lupe Mountains :+ 


1, Upper or white limestone .-......-..--.---- 1,000 feet. 
2. Dark-colored, thinly laminated and foliated 

8. Yellow quartzose sandstone.........---.-. 1,200-1,500 
4, Black, thin-bedded limestone ...-..-....-- 500 


The geologic series is finely exposed, and the order of super- 
position of the beds is obvious. The constituent formations 
are of rather unusual thickness and uniformity of composition. 
In fact, though we were able to make only barometric measure- 
ments, and though only the upper limestone was exposed in a 
continuous section, I believe that the thicknesses assigned by 
Shumard are too smal]. We measured 1,700 to 1,800 feet of 
the upper limestone, while the middle member, a yellow sand- 
stone, must contain from 2,000 to 2,500 feet. Of the black 
limestone,. which forms the lowest member of the section, 
probably not more than 500 feet are exposed, but the base was 
not seen. 

Fossils were obtained from all these formations, but it is 
especially of those from the upper one that I desire to speak. 
The rock is a white limestone, sometimes stained yellowish or 
reddish in the lower portion, where it is also quite siliceous. 


* Published by permission of the Director of the U. S. Geological Survey. 
+ Acad. Sci. St. Louis, Trans., vol. 1, 1860, p. 280. 
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Horizons which are dolomitic also occur, and one of these is a 
isolite. The highest beds seen are exposed on the summit of 

1 Capitan, and contain Yusulina elongata Shumard in great 
profusion. The main fossiliferous horizon, however, was found 
about 1,000 feet below. Near this level crystalline calcite 
occurs in great abundance and in cleavage blocks of considera- 
ble size. The locality was difficult of access, and could only 
be reached by hard climbing, so that the collections obtained 
were less complete than might be wished. The above remarks 
relate to the “ white Permian,” which is peculiarly massive and 
shows little evidence of bedding. The hundred feet or more 
of brownish or gray limestone immediately below it, however, 
which represent Shumard’s “dark Permian,” are obviously 
stratified. From the “white Permian,” chiefly at the locality 
mentioned, were obtained upward of 75 species, some of the 
more interesting of which I will mention. The fauna is very 
varied, and includes representatives from nearly all the inverte- 
brate groups, though the brachiopods and pelecypods are most 
numerous In species and individuals. 

Of the Protozoa we have Fusulina elongata Shumard, a 
species unique so far as I am aware, which probably attains a 
length of nearly 2 inches. 

Sponges are remarkably abundant, and belong chiefly to the 
Caleispongie. The orders Lycones and Pharetrones are repre- 
sented by a number of genera and species, most of which are 
probably new. In addition the genera Mamméllopora and 
Bothroconis have been identified. 

Though a species of Lophophyllum was found, coclenterates 
are rare, except for the group of Hydrocoralline similar to 
those described by Waagen from India. Both in these forms 
and those representing the Calcispongia the rock is crystalline 
and altered in such a way that the outlines of structures are 
partially obscured. The original difficulties attendant upon the 
study of these groups are therefore very much enhanced. 
Thongh of so widely different zoological affinities, such is the 
preservation in which they appear that in a number of cases I 
am not sure that some of the supposed Hydrocoralline are not 
calcareous sponges, and I even entertain similar doubts with 
regard to certain of Waagen’s representatives of that group. 

Of the echinoderms nothing appears in the collection, nor of 
the helminths. 

The Bryozoa, except for a single group, are mostly few and 
of a character alien to our known Carboniferous faunas. They 
consist of Fenestella sp., Acanthocladia? sp., a Goniocladia 
near G@. indica Waagen, and a peculiar group of fistuliporoid 
Bryozoa much more like Mesozoic than Paleozoic types, which 
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are more abundant in the “dark Permian” than in the white 
limestone whose fauna I am attempting to summarize. 

The brachiopod fauna is abundant, and while of an undoubted 
Carboniferous facies, presents one which is apparently later and 
certainly different from that of our usual Carboniferous rocks. 
The following species were found : 


Streptorhynchus near pelargonatus Schl. 
Derbya n. sp. 

Derbya sp. 

Derbya Bennetti ? 

Meekella n. sp. 

Chonetes n. sp. near trapezoidalis Waagen 
Productus semireticulatus var, 

Productus pileolus Shum. ? 

Productus cora d’Orb. ? 

Productus near Wallacianus Derby (2 sp.) 
Spirifer Mexicanus Shum. 

Spirifer n. sp. 

Squamularia ? Guadalupensis Shum. 
Martinia n. sp. near elongata Waagen 
Ambocoelia planiconvexa ? 

Spiriferina Billingsi Shum. 

Spiriferina sp. 

Spiriferina n. sp. 

Seminula n. sp. 

Hustedia? papillata Shum. 

Pugnax n. sp. 

Pugnax Swallowiana Shum. 
Camarotoechia indentata Shum. 
Camarotoechia sp. 

Dielasma near truncatum Waagen (2 sp.) 
Dielasma ?? sp. 

Dielasma ? n. sp. 

Hemiptychina near H. sparsiplicata Waagen 
Spirigerella ? sp. 

Lyttonia sp. 

Richthofenia (several sp. ?). 


Besides the forms listed are several new genera and species 
of terebratuloid shells, which, even in the comparatively few 
specimens in our collections, present a really remarkable 
differentiation. Many of the genera cited above are new to 
North America. Among these may be mentioned Lyttonia, 
Richthofenia, Spirigerella, and Hemiptychina, though in one 
case, at least, the generic reference is questionable. Many of 
the genera common to our other North American faunas are 
represented in part or wholly by species of pecaliar types not 
found in them. An orbicular Spiriferina with short hinge 
line is one of these. 
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Of the pelecypods the following species were collected : 


Aviculopecten (Pterinopecten ?) sp. 
Aviculopecten ? sp. 

Streblopteria (3 sp.) 

Entolium ? (3 sp.) 

Lima n. sp. 

Euchondria? sp. 

Camptonectes ? (2 sp.) 

Avicula n. sp. 

Myalina? near M. squamosa Sow. 
Myoconcha n. sp. 

Modiola? sp. 

Edmondia? sp. 

Cypricardinia? sp. 

Macrodon ? sp. 

Axinus securus Shum. ? 


The aspect of this fauna also is quite varied. The shells are 
as a rule small and preserved as internal casts, so that it is 
difficult in most cases to ascertain the characters of really 
generic value. There is a general absence of the types which 
characterize the Upper Carboniferous or even the Permian of 
the Mississippi Valley. The development of the pectinoid and 
mytiloid groups is rather striking. The genus Myoconcha, of 
which I seem to have virtual representatives, has not before 
been recognized in North America, and Camptonectes is new 
among our Carboniferous faunas. The latter is abundantly 
represented by individuals, and has every external appearance 
of belonging in the Mesozoic genus. 

Gestennele are rare and in size generally minute. So far 
only the following have been found : 


Pleurotomaria? group of carbonaria (2 sp.) 
Pleurotomaria ? (n. gen. ?) sp. 

Worthenia? sp. 

Euconispira ? sp. 

Orthonema ? sp. 

Holopella ? sp. 


But little need be said of the gastropod ‘fauna, in which there 
is nothing striking, except the absence of our familiar Carbon- 
iferous species. 

Of the cephalopods, at a horizon where novel and interesting 
ammonoid types might be expected to occur, only an imperfect 
and undetermined species of Zemnocheilus has been found. 

No Crustacea have yet been noted, except PAzllipsia peran- 
nulata Shumard, which oceurs in abundance in the “ dark 
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Permian” below, but which is in this instance doubtfully 
identified. 

From the “dark Permian,” some of it in place, but most 
from float pieces probably belonging to that horizon, were 
obtained the following species : 


Fusulina elongata Shum. 

Sponges (of several types) 

Lophophyllum (2 sp.) 

Striatopora? sp. 

Acanthocladia sp. 

Fistuliporoid Bryozoa of Mesozoic types 

Crania ? sp. 

Streptorhynchus ? sp. 

Derbya sp. 

Chonetes Permiana Shum. 

Chonetes n. sp. 

Productus Popei Shum. 

Productus Popei var. 

Productus semireticulatus var. 

Productus, semireticulatus type (5 sp.) 

Productus cf. Norwoodi Swal. 

Spirifer sulcifer Shum. ? 

Squamularia? Guadalupensis Shum. ? 

ae Billingsi Shum. 
ustedia ? papillata Shum. 

Hustedia ? (2 sp.) 

Pugnax ? bisulcata Shum. 

Pugnax ? n. sp. 

Pugnax Swallowiana Shum. 

Camarotoechia indentata Shum. 

Camarotoechia sp. 

Dielasma perinflatum Shum. ? 

Dielasma cf. truncatum Waagen 

Aviculopecten sp. 

Myalina ’ near squamosa Sow. 

Euomphalus pn. sp. 

Bairdia sp. 

Phillipsia perannulata Shum. 


This fauna. requires little comment. Its relation to that of 
the “ white Permian,” nearly a thousand feet above, is obvious, 
yet each has an individual facies. In this fauna Phillipsia 
perannulata is abundant, and also the curious small fistuli- 
ale to which attention has already been directed. The 

roducti are for the most part of the semdreticulatus type, 
small, and characterized by strong curvature and a deep 
inedian sinus. 
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The. fauna of the yellow sandstone I will only hastily refer 
to. It contains Fusulina elongate Shumard and some brachio- 
pods, chiefly Producti of somewhat different types from those 
above. The major portion of the fauna consists of pelecypods, 
many of which are different from those of the limestone, and 
are new species. 

The black limestone at the base of the section is sparingly 
fossiliferous. 4 number of species were obtained, however, 
about 18 in all. This fauna is related to those above, espe- 
cially to that of the “white Permian,” and it also includes a 
species of Richthofenia. 

These faunas are clearly pre-Mesozoic, though containing 
certain obvious Mesozoic relations. They are also different 
from any American faunas yet known, and are more especially 
related to the late Paleozoic faunas of Asia. Among related 
faunas may be mentioned that of China, described by Richtho- 
fen,* that of India, described by Waagen,t that of the Carnie 
Alps, described by Schellwien,t and, samewhat more remotely, 
that of the Palermo province, described by Gemmellaro,§ and 
the Permian of England, described by King.| 

Not only are these faunas very different from any known in 
America elsewhere, but they give evidence of being later in 
geologic time. For this reason I propose to give them a 
regional name which shall be employed in a force similar to 
Mississippian and Pennsylvanian. For this none more appro- 
priate than one derived from the locality where they were first 
discovered can be found, and the term Guadalupian is sug- 
gested. The stratigraphic limits of the Guadalupian period 
will have to be determined on intrinsic evidence. At present 
it seems to include the whole section at the southern end of 
the Guadalupe Mountains, but the central fauna will be that 
of the “ white” and “ dark Permian” as described by Shumard. 

I plan to resume field work in this region during the season 
of 1902, and hope to make important additions to the Guad- 
alupian fauna, and to discover its relations with those which 
preceded and those which followed it. It is my purpose to 
more fully study and to describe this interesting fauna at an 
early opportunity. 

Washington, D. C. 


* China, Richthofen, vol. iv, Berlin, 1883. 

+Geol. Surv. India, Paleontologia Indica, Salt Range Fossils, vol. i, 1887. 

¢ Die Fauna der Trog-Kofelschichten, K. K. Geol. Reichsanstalt, Bd. 16, 
Heft, 1, 1900. 

§ La Fauna dei Calcari con Fusulina, Molluscoidea, Palermo, 1898-99. 

| Mon. Perm. Foss. England, Paleontograph. Soc., 1850. 
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Art. XXX VI.—The Reduction of Vanadic Acid by the Action 
of liydrochloric Acid; by F. A. Goocu and L. B. STooKEyY. 


(Contributions from the Kent Chemical Laboratory of Yale University—CXII.] 


Bunsen* and Mourt have proposed to estimate vanadic 
acid by the action of concentrated aqueous hydrochloric acid, 
thus reducing it from the condition of oxidation represented 
by the pentoxide to that of the tetroxide, in accordance with 
the equation 

V,0,+2HCl = V,0,+H,0+Cl,, 


and determining iodometrically the chlorine evolved. 

In an attempt by Czudnowiezt to make use of this reaction 
by oe in standard arsenious acid the chlorine evolved 
from the boiling mixture of hydrochloric acid and vanadic acid, 
and titrating the excess of the arsenious acid by iodine, 
accordant results were not obtained. On the other hand, 
Gibbs§ was able to determine with a fair degree of accuracy 
the small amounts of vanadium pentoxide found in the vana- 
dio-tungstates and other complex combinations, by boiling 
with strong hydrochloric acid, collecting in potassium iodide 
the chlorine evolved, titrating the freed iodine with sodium 
thiosulphate, and calculating from the amount of iodine thus 
found the vanadium pentoxide corresponding to a change of 
condition from V,O, to V,O,. 

Milch| was unable to substantiate the work of Gibbs, and, 
obtaining in four experiments, upon approximately 0°2 grm., 
05 grm., and 1°0 grm. of vanadium pentoxide, amounts of 
chlorine varying with the quantity of material handled and 
never exceeding one-fourth of the amount demanded by theory, 
was led to suppose that the degree of reduction was not con- 
stant, being larger in proportion as the quantity of pentoxide 
used was smaller. Milch concluded that while accordant 
results might be obtained by working with approximately 
similar amounts of material, the process afforded no ground for 
the calculation of the actual amount of pentoxide present. 

Rosenheim also tested the process, working with pure van- 
adates and pure vanadium pentoxide. Concentrated hydro- 
chlorie acid, of sp. gr. 1:19, was employed and care was taken 
to dry the distillation flask before introducing the materials, 
because even slight dilution of the acid lessened the evolution 


* Ann. Chem. (Liebig), xevi, 265. + Titrirmethode v. Aufl., 314. 

fie Phys., exx, 17. § Proc. Amer. Acad., x, 250. 
Inaug. Dissert., Berlin, 1887, 10. 
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of chlorine in marked degree. Three stages were noted in the 
action of hydrochloric acid upon vanadic acid; the vanadic 
acid first dissolved to a solution of a deep brown color without 
perceptible evolution of chlorine ; upon warming, the solution 
suddenly evolved chlorine and took on a deep green color ; 
thereafter the evolution of chlorine became ale. and the 
solution, giving off a small amount of chlorine on strong boil- 
ing, assumed a clear blue color. After this, further heating 
effected no change. It is recommended to raise the tempera- 
ture gradually in order that the acid may not boil over into the 
receiver, and to keep this receiver cool so that iodine may not 
be volatilized by steam from the flask during the prolonged 
heating. In the experiments with ammonium vanadate, in 
_ which the heating was interrupted after the first violent evolu- 

tion of chlorine, the iodine found in the receiver indicated, 
according to Rosenheim’s figures, about 50 per cent of the 
vanadium pentoxide present ; in three experiments longer con- 
tinued the indications advanced about 6 per cent; and in three 
experiments continued presumably to the end—to the appear- 
ance of this blue color-—the amount of pentoxide indicated 
were 61°77 per cent, 63°71 per cent, 61°89 per cent of the 
quantities actually taken, and further heating with another 
receiver until almost all the hydrochloric acid had been volatil- 
ized, resulted in no further progress in the reaction. Experi- 
ments with potassium vanadate, and with vanadium pentoxide 
resulted similarly. Rosenheim draws the inference that a 
titrimetric method based upon a theory of reduction from V,O, 
to V,O, by the action of hydrochloric acid, must lead to false 
conclusions, and suggests that his results lend probability to 
the supposition that an oxide of the formula (V,O,),V,O, is 
formed, although the actual reductions observed by him are 
not quantitatively in accord with the formation of such a body 
—which implies a reduction covering about 66 per cent of the 
interval between. V,O, and V,O,. Rosenheim concludes that 
the whole method is to be rejected in quantitative estimations. 
An inspection of Rosenheim’s tables, however, shows that the 
standards of the solutions of thiosulphate and iodine have 
been interchanged either in the printed record or in the cal- 
culation of results. In the latter event the actual indications of 
the process would be about 15 per cent higher than Rosen- 
heim’s figures, but still approximately 20 per cent below the 
theory of the reduction from V,O, to V,O,. 

In Holverscheit’s* hands the process gave results most irregu- 
lar and unsatisfactory. Ammonium vanadate was the material 
taken for the experiments, and the residue obtained by treat- 


* Tnaug. Dissert., Berlin, 1890. 
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ing this salt with potassium hydroxide and evaporating to 
expel ammonia, was boiled in a Bunsen distillation apparatus 
with concentrated hydrochloric acid. The solution, at first 
yellow, became green on long boiling. In some cases ebullition 
was kept up for 15 minutes. In working with amounts of 
material represented by 0°0585 grm., or 0°1171 grm. of V,O, 
Holverscheit obtained from about 28 per cent to 39 per cent, 
or in the average about a third of the theoretical reduction, 
and, while noting the fact that by working with wholly con- 
centrated (“ganz. konz. HCl”) Rosenheim doubled this yield, 
ventures the opinion that it is scarcely conceivable that Gibbs 
obtained by boiling vanadic acid with hydrochloric acid and 
estimating the chlorine liberated, results even approximating 
the truth. 

The green color of Holverscheit’s residual solution shows, of 
course, an incomplete reduction—the consequence of the use 
of an acid which, as intimated, was not of full strength. Ros- 


enheim, however, got the blue residual solutions characteristic 
of the condition of oxidation corresponding to V,O,. Why 
the deficiency in the chlorine indicated in the receiver in Ros- 
enheim’s experiments was so marked is not obvious, unless it 
be supposed that chlorine was lost from the apparatus in the 
sudden evolution which takes place when action begins. Our 
experience, moreover, shows that the liberation of chlorine 
begins as soon as the hydrochloric acid and vanadic acid come 
into contact. In our experiments upon the process, therefore, 
we have used a form of apparatus, shown in the accompanying 
figure, such that no chlorine can be evolved before the appa- 
ratus is connected and ready. For the retort we have used a 
Voit flask upon the inlet tube of which was sealed a stoppered 
funnel, while the outlet tube was sealed to a Drexel wash- 
bottle and this in turn was joined to Will and Varrentrapp 
bulbs. The Drexel bottle and bulbs used as receiver and trap 
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were charged with water containing 3 grm. of potassium 
iodide ; the vanadate was introduced into the dry flask and the 
apparatus was adjusted. Hydrochloric acid was put in the 
stoppered separating funnel and, when all was ready, allowed 
to run into the flask. Connection was made between the 
funnel and a carbon dioxide generator, so that by passing car- 
bon dioxide through the apparatus all danger of regurgitation 
might be avoided. Sometimes in the course of our work, too, 
a branched connection with the funnel tube was so arranged 
that either hydrochloric acid gas or carbon dioxide or both 
might, at pleasure, be sent into the apparatus. We have used 
in the experiments to be detailed ammonium vanadate either 
purchased in pure condition or made by precipitation with 
alcohol, or prepared from the oxychloride obtained by actin 
with chloroform upon ignited vanadium pentoxide. In eac 
case the content in vanadium pentoxide was determined by 
ignition and confirmed by Holverscheit’s* bromide process. 

In Table I A are gathered results obtained by the use of 
the ordinary pure hydrochloric acid of the laboratory of sp. gr. 
1:17; while in B of the same table are recorded results got by 
using acid of sp. gr. 1°20, specially prepared by saturation of 
the former acid kept cold by ice, with hydrochloric acid gas. 

In these experiments, in which the precautions described to 
catch all the chlorine evolved were taken, the actual registra- 
tion of chlorine amounts in the average to 92°62 per cent of 
the theory when the ordinary pure acid of the laboratory of 
sp. gr. 1:17 was used, and ta 94°46 per cent when the specially 
concentrated acid of sp. gr. 1°20 was employed. While the 
error of these determinations would amount to a considerable 
figure when large amounts of vanadic acid are to be deter- 
mined, it is obvious that a correction of, let us say, 6 per cent 
or 8 per cent upon the small proportions of vanadium pen- 
toxide present in many of the complex salts to which Gibbs 
applied this method, would not change the significance of the 
analysis. Indeed, reference to the original shows that the 
formulze deduced by Gibbs would in many cases apply as well 
to the corrected results as to the original figures. Thus it 
appears that, so far as concerns the special cases in which Gibbs 
used this method of analysis, the conclusion of Milch that the 
process affords no ground for the calculation of the amounts 
of pentoxide present, and Holverscheit’s difficulty in suppos- 
ing that results were even approximately true, prove to be 
unfounded, while Rosenheim’s supposititious oxide disappears. 

In the light of these results it is of interest to note the effect 
of a repetition of this treatment with strong acid of the residue 


* Tnaug. Dissert., p. 48. 
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of the first action weakened by boiling. Plainly two methods 
of bringing about the re-treatment with strong acid are open : 
either the weak acid remaining after the boiling process may 
be wholly removed by evaporation and replaced by concen- 
trated acid, or it may be cooled and re-saturated with gaseous 
acid. Table II contains the record of results obtained in both 
these ways. 

These experiments show very clearly that several successive 
treatments with strongest hydrochloric acid, consisting either 
in the addition of the concentrated aqueous acid to the dry 
residue in successive portions, or in passing gaseous acid through 
the residual liquid cooled in ice-water, finally bring the residue 
to a condition of reduction in which the recharging of the 
liquid residue with gaseous acid produces no brown or green 
color but a clear blue. When this condition is reached the 
Holverscheit procedure produces no appreciable further reduc- 
tion. The holding of the blue color when the solution cooled 
in ice-water is thoroughly charged with the gaseous acid, appears 
to be the best evidence of the complete reduction of V,O, to 
V,O,; it is not sufficient that the boiled solution, in which the 
acid has been weakened, should be blue. 

In the several manipulations of the repeated processes there 
is likely to be some mechanical loss of chlorine. For this 
reason, the direct titration of the residues by potassiam per- 
manganate in presence of a manganous salt was combined, as a 
control, with the determinations of the iodine set free by 
chlorine in the distillate, as shown in the experiments of 
Table ITT. 

In these experiments we have again evidence that it is pos- 
sible to effect the reduction of vanadic acid to within a few 
per cent of the amount present by a single treatment with con- 
centrated hydrochloric acid, and that the amount of the reduc- 
tion may be determined by titrating the residue with potassium 
permanganate. It is plain, therefore, that Gibbs’ application 
of this mode of reduction and titration to the determination 
of the small proportions of vanadium pentoxide found in many 
of the complex salts studied by him is also justified. 

The experiments show also that when the action of hydro- 
chloric acid is sufficiently continued, ordinarily large amounts 
of vanadic acid may be completely reduced to the condition of 
the tetroxide; and the method of reduction is of special 
advantage in those cases which call for titration of the tetrox- 
ide by permanganate, since in such cases the use of Holver- 
scheit’s admirable method of reduction by hydrobromice acid is 
precluded. 


Am. Jour. Sc1.—FourtH Series, Vou. XIV, No. 83.—NoOvVEMBER, 1902. 
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JOHN WESLEY POWELL, 


Founder and Director of the Bureau of Ethnology of the 
Smithsonian Institution, for thirteen years Director of the 
United States Geological Survey, died at Haven, Me., Sep- 
tember 23d, in his sixty-ninth year. 

Although well known locally for his scientific work and 
enthusiasm before the civil war, and acquiring military repu- 
tation in that war, he first came prominently before the 
scientific world and the wider general public by his daring 
exploration of the great Colorado Canyon in 1869, and since 
that date has been a conspicuous personage among American 
scientists for his zeal for science, his eminent administrative 
ability—shown in the organization and management of geo- 
graphical and geological surveys and scientific bureaus—his 
broad grasp of scientific questions, his varied activities in the 
promotion of research in several branches of science, and by a 
charming personality. 

He was born March 24th, 1834, at Mount Morris, then a 
small village in the Genesee Valley of Western New York. 
His parents were English, his father a Methodist clergyman 
who came to this country but a short time before the birth of 
his son. The requirements of his profession caused many 
changes of home, and the family moved to Ohio in his early 
childhood ; eight years afterwards to Wisconsin; and again, 
when the boy was fifteen years old, to Illinois, which was young 
Powell’s home until the breaking out of the civil war, in his 
twenty-seventh year. 

The boy was an ardent lover of nature and the migratory 
home of the family during the days of his youth and early 
manhood gave him unusnal facilities to see outdoor nature 
under many aspects, but the conditions of his environment were 
very unfavorable for obtaining a college or university training. 
He was fond of roaming, a keen observer, and in his studies 
was from the first strongly attracted to the natural sciences, 
especially such of them as could be pursued out of doors. He 
studied botany and geology and used every opportunity to 
learn these and the kindred sciences. He was fora while in the 
Illinois College at Jacksonville, later in Wheaton College and 
still later in Oberlin College in Ohio. Unable to attend any 
of these continuously, he alternated between teaching school 
and studying when and where the opportunity occurred. To 
him there was no continuing curriculum or studies available and, 
looking to an academic degree, he studied as the opportunities 
offered, now while teaching in some country or village school, 
then as a temporary student in some college, or,while roaming. 
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He made excursions and collected specimens which found 
their way into the musenms of the several colleges and soci- 
eties with which he had been connected. Some of these 
excursions are noteworthy. He journeyed to St. Paul on the 
Mississippi and across Wisconsin to Mackinaw. In 1856 he 
descended the Mississippi alone in a row-boat from the falls of 
St. Anthony to its mouth, making collections on the way. In 
1857 he rowed the whole length of the Ohio River, from 
Pittsburg to its mouth, and in the fall of that year studied the 
geology and mineralogy of the Iron Mountain Region in Mis- 
souri. In 1858 he made a trip down the Illinois River to its 
mouth, and up the Des Moines River, returning, as usual, laden 
with specimens. 

Meanwhile he had become a member of several local 
scientific societies as well as colleges. These institutions had 
given him much encouragement and some facilities in the pros- 
ecution of journeys, but this encouragement was moral rather 
than pecuniary and the necessary funds for the excursions— 
explorations we may call them—he was obliged to earn for 
himself by teaching during a portion of each year. 

All this brought him into acquaintance with a great variety 
of people, scientific and otherwise, and the experience was rich 
in incident and adventure. I have some most pleasing recol- 
lections of the charming way in which he recounted some of 
these experiences to his intimate friends; of the enthusiasm 
and humor with which the stories were told, and the touches 
of philosophy with which they were embellished. 

Such was the great university where he was educated. 
What a training it was for his future career! It often required 
as delicate tact, as careful diplomacy, as ingenious planning 
and skillful managemént, as enthusiastic argument and as per- 
sistent effort to carry out his plans to success, as it did later to 
deal with politicians in and out of congress and to successfully 
carry out the great works with which his name will be asso- 
ciated so long as science shall be studied. Those row-boat 
excursions on the gentler currents of the Ohio,. Mississippi, and 
Illinois, were the forerunners of the daring one through the 
madly rushing waters in the great canyon, and the plans of 
the great Geographical and Geological Survey of the nation 
had their elements in these earlier trips. 

His school changed when the great rebellion broke out. He 
enlisted as a private in the army and rose through the successive 
steps of lieutenant, captain, and major, in which office he 
lost his right arm at the battle of Shiloh. As soon as he 
recovered he returned to his post and continued in the service 
until the very end. He was made lieutenant-colonel and in 
the last days of the war received the commission of colonel, 
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which he declined, not wishing to enter the profession of war, 
but the military title of major clung to him through life. 
His war experiences may here be considered as a sort of post- 
graduate study, following the gentler training of previous 
years, a schooling, both as private soldier and commander of a 
regiment, a training in the management of men in both field 
and office, and for bolder exploration. 

The war over, he refused a lucrative civil position in his own 
town, as he already had a higher military one, and accepted a 
much less remunerative position as Professor of Geology, and 
Curator of the Museum of the Illinois Wesleyan University at 
Bloomington, which was followed later by a similar position in 
the Illinois Normal University. 

In 1867, Professor Powell visited the Rocky Mountains of 
Colorado, taking with him his class in geology, for the double 
purpose of exploration and research, and for the instruction of 
his students in field work. He was practically the pioneer in 
the actual and practical introduction of extensive expeditions 
with students as a part of their college training for future field 
work, a phase of college instruction since so extensively prac- 
ticed and which has been so rich in results. 

Major Powell, on this excursion, became interested in the 
Colorado Canyon and its surroundings. For a century or more 
vague rumors of this region and its wonders had reached the 
outer world: stories of its awful and mysterious chasms, abso- 
lutely impassable and entirely preventing passage over the 
region. The stories became much more numerons and the 
information more definite after 1850, when the gold-seekers 
attempted to reach California; but curiously little was acecu- 
rately known more than that the waters of the Rocky Moun- 
tains, from as far north as the 43d parallel, found their way 
through an awful canyon hundreds of miles in length to the 
borders of California and thence to the Gulf. It was reputed 
to be many thousands of feet deep. One and another had 
been on its brink here and there ; that was about all, except 
the disappearance of luckless travelers who had by accident 
got into it at certain points. 

In 1868 Major Powell organized a little party of mountain- 
eers and others and explored a portion of the region, studied 
the problem, resolved on the exploration of the canyon, and 
finally went into winter quarters on the White River. From 
there he made further reconnaissances and other preparations 
for the bold work he had planned. 

The transcontinental railroad, then under construction, had 
progressed far enough to bring in such supplies and appliances 
as were not otherwise obtainable, and in the early spring of 
1869 the expedition left its winter quarters on White River 
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and proceeded to where the Union Pacific Railroad crosses the 
Green River. Four small row-boats had been built in Chicago 
for the specially dangerous voyage and transported on the still 
unfinished railway to this place. 

The small party consisted of but ten men. Their make-u 
is noteworthy. Of his nine companions, Major Powell 
describes four as having served in the army—in the war 
recently over ; three were described as “ hunters and trappers ”— 
“ Indian fighters” is incidentally mentioned ; one as “ a pen- 
sive young man;” and one was an Englishman “ looking for a 
glorious trip.” 

With rations sufficient to last ten months, the little fleet 
started on its perilous trip on May 24th. The departure is 
briefly chronicled in the narrative. The people at the cross- 
ing turn out to see them start, he tells us, and “ we raise our 
little flag, push the boats from shore, and the swift current 
carries us down.” They disappear from the outside world 
and emerge from the mouth of the Grand Canyon August 29, 
and the next day arrive at the mouth of the Virgin River. 

But not all of them. Only a few days earlier, the dangers 
of the passage becoming even greater than before, and a place 
occurring where it was thought they could get out of the 
canyon, ahead of them rapids or falls that seemed more dan- 
gerous than any before encountered, the dark abyss beyond 
visible but a short distance, three of the men resolved to leave 
the party while they could. They took out with them duplicate 
notes, that the results of the trip might not be lost with the 
party. They made their escape, and along the river below 
watched for fragments and traces of their abandoned com- 
panions. 

Of the voyage itself and its brilliant success, of the results 
that grew from it, of the adventures and experiences encoun- 
tered, I need not speak further. The subject forms a brilliant 
chapter in the annals of exploration and adventure in the 
interests of science. 

Never was a bolder voyage planned and executed. I know 
of no equal in the annals of exploration and navigation. 
While comparisons between this and polar exploration are 
difficult, yet, there were in this features of the possibilities 
which seemed such eminent probabilities of disaster, and the 
dangers were of such a kind, as to deter the attempt. The 
disastrous end of the expedition, and the manner in which it 
would come about, seemed so plain that several of our enter- 
prising newspapers published more or less minute accounts of 
its sad end; all of the party but one being lost was the most 
common plan of the tales; the nature of the dangers were such 
that one of the party had to be saved or no story written, ex- 
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- the disappearance of the party at an unknown time and 
ace. 

, Some years later, while smoking an after-dinner cigar with 
some of his friends, he gave his reasons for his faith in under- 
taking it. I told him that for some years previous to his 
famous trip, I had been much interested in that canyon and 
had picked up all the rumors and information pertaining to it 
that I could, and being in Colorado while he was making the 
trip was intensely anxious as to his fate, for I thought it was a 
mad scheme; the canyon was a long and vastly deep one, cut 
mostly in strata lying relatively level, that owing to unequal 
hardness the erosion created waterfalls ; that I had been reared 
in central New York where such waterfalls were especially 
numerous, cited Niagara and various other examples elsewhere ; 
that this long and deepest canyon in the world was mostly in 
such rocks; that he embarked on the river at over 6000 feet 
elevation, to emerge some 500 or more miles below at nearly the 
sea level, the river having an average fali of ten or fifteen feet 
per mile and I had assumed that there must be great falls, and 
that the explorer must approach them from above. 

He answered in substance, “ Have you never seen the river? 
It is the muddiest river you ever saw. I was confident that I 
would find no considerable falls. Rapids I expected, of course, 
but not falls. I was convinced that the canyon was old 
enough, and the muddy water swift enough and gritty enough 
to have worn down all the falls to mere rapids. I entered the 
canyon with confidence that I would have no high falls to stop 
us, although there might be bad rapids, and I believed that we 
might overcome them in some way,—and we did.” 

The next year he induced Congress to establish a geological 
and topographical survey of the Colorado River and its tribu- 
taries; it was placed under his direction and on it he was en- 
gaged much of the following ten years. 

neident to this, he became interested in the study of the 
arid regions and the problem of their improvement, also the 
impounding of the floods of the western rivers for the double 
purpose of controlling the floods and using the water for irri- 
gation. The present hydrographic survey of the country is 
the outcome of his interest in this matter. 

Between 1865 and 1875 many surveys in the western country 
were established, acting independently of each other, often in 
competition as well as rivalry, but not mutually helpful, and 
working under different departments of government. 

Major Powell took an early and active part in the efforts that 
came up for a more satisfactory adjustment of these and their 
unification under a more rational system of operation. After 
much agitation, discussion and opposition, Congress finally, in 
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March, 1879, discontinued the separate surveys and established 
the United States Geological and Geographical Survey, under 
the Department of the Interior, and Clarence King was 
appointed Director. 

Beginning with his first visit to the Rocky Mountains, Major 
Powell began ethnological and anthropological studies of the 
American Indians, for the Smithsonian Institution. 

Ten years later, in 1876, Professor Henry, the then secre- 
tary, placed this along with other accumulated material per- 
taining to this subject in his hands, for arrangement and 
publication. The next year, his first volume of “ Contribn- 
tions to North American Ethnology” was published by the 
Geological Survey. Later followed five more of these quarto 
volumes under the same auspices. 

With the establishment by Congress of the Geological Survey, 
the Bureau of Anthropology was also established in the Smith- 
sonian Institution and Major Powell made Director, an office 
he retained twenty-three years and until his death, and the 
annual volumes of “Contributions” have continued in the 
same general form. 

Mr. King resigned the directorship of the Geological Survey 
in 1881, and Major Powell was appointed his successor, retain- 
ing however the direction of the Ethnological Bureau, and for 
thirteen years he administered both offices, and both institutions 
were greatly widened in their work and improved in their 
methods under his administration. 

In 1894 he resigned the office of Director of the Geological 
Survey and since then has devoted himself more to other work, 
ethnological, anthropological, psychological and philosophical. 

Major Powell was endowed with an eminently philosophical — 
mind, had great administrative ability, was rich in suggestions 
and fertile in originating and planning, in devising new work 
and methods and in improving old ones; had a personality of 
great force, persuasive in inducing men to do, and he inspired the 
confidence of those with whom he held official or social rela- 
tions. He was a powerful advocate of reform in laws affecting 
the permanent welfare of the West and was for many years 
one of the most conspicuons personages in the scientific corps 
under the government. He was a member of the National 
Academy of Sciences and of other societies and clubs, and 
several colleges and universities conferred academic degrees 
upon him. 

Major Powell was a faithful and genial friend, and his most 
interesting individuality made him many friends. He died of 
apoplexy. His wife and a daughter survive him. 

Wy. H. BREWER. 


New Haven, Conn. 
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SCIENTIFIC INTELLIGENCE. 


I. CHEMISTRY AND Puysics. 


1. The Combination of Hydrogen and Oxygen.—It is well known 
that many chemical reactions do not take place in the absence of 
moisture, but heretofore it has not been shown that the combina- 
tion of hydrogen and oxygen could be prevented in this manner. 
By using a new method for preparing the gases, the electrolysis 
of barium hydroxide solution, H. BrerrTron Baker has succeeded 
in obtaining the mixture sufficiently pure and dry to withstand 
heating to redness without combination. Even when a coil of 
silver wire was heated to its melting point (over 1000°) in contact 
with the detonating gas it did not cause combination, but red-hot 
platinum wire and electric sparks produced explosions. The 
ordinary ignition-point of these gases is 600°. The interesting 
fact was noticed that when the tubes in which the experiments 
were made were subjected to only two days’ drying in the pres- 
ence of phosphoric oxide, instead of a period of ten days, which 
was employed for thorough drying, water was formed by heat- 
ing and combination took place slowly without explosion. This 
is a result which is entirely different from what takes place, 
either with the moist or the perfectly dried gases. This beha- 
vior is explained by the hypothesis that without an electrolyte no 
chemical action is possible, and that since the water formed by 
the union of very pure gases is itself very pure, it is not suffi- 
ciently electrolytic to produce an explosion. During this inves- 
tigation the important observation was made that hydrogen and 
oxygen combine slowly when exposed to direct sunlight if they 
are moist, but do not combine under this influence when they 
are perfectly dry. The exposure to sunlight took place outside a 
south window for four months, and the contraction of the moist 
mixture amounted to one twenty-third of its volume. On account 
of this result care was taken to dry the gases in darkness in pre- 
paring them for the experiments which have been described.— 
Jour. Chem. Soc., \xxi, 400. H. L. W. 

2. Arsenic in the Animal Organism.—Several investigators, 
especially Gautier, have recently arrived at the conclusion that 
minute quantities of arsenic exist normally in the animal organ- 
ism, a fact which had been previously denied. The same conclu- 
sion has now been reached by Berrranp after a series of very 
careful experiments. The human thyroid gland, thymus, skin, 
and other organs, have been found to contain arsenic, but Ber- 
trand has avoided experiments with human tissues, because it is 
impossible to be sure that the individuals have not been subjected 
to treatment with arsenical medicines, or have not been otherwise 
contaminated with compounds of arsenic. He has also not at- 
tempted experiments with horses, because these animals are 
sometimes treated with arsenious acid. Investigations were 
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therefore carried out with the thyroid glands of calves and swine, 
then with the bristles of the latter animal, the horns of beeves, 
the feathers of geese, the hair and claws of dogs, etc. It was soon 
found that the horny and hairy products contained even more 
arsenic than the thyroid glands. The horns of oxen gave arsenic 
in the relatively enormous amount of 5™% per kilo. Traces of 
arsenic were found in the hoofs, hide, and liver of a calf one 
month old, while larger quantities were evidently present in the 
corresponding parts of a heifer 18 months of age, although the 
horns of the latter contained less of it than those of more mature 
animals. It appears, consequently, that arsenic accumulates with 
the age of the animal. As a convincing proof of the normal 
occurrence of arsenic in an animal which had not breathed air 
contaminated by industrial fumes, the element was found in the 
thyroid glands of a seal which was captured in the vicinity of 
Spitzbergen.— Bulletin, xxvii, 847, H. L. W. 

3. Atomic Weight of Radium.—By fractional crystallization of 
the greater part of the radiferous barium at her disposal, Mur. 
Curie has succeeded in obtaining about a decigram of radium 
chloride which appeared to be perfectly pure. Atomic weight 
determinations were made with this material with the result that 
225 was found to be the atomic weight of the element, assuming 
that it is bivalent. Radium, therefore, appears to be a higher 
homologue of barium, with a place in the periodic table under 
barium and in a line with thorium and uranium. It is stated 
that pure anhydrous radium chloride is spontaneously luminous, 
— Comptes Rendus, cxxv, 161. H. L, W. 

4, Double and Triple Thiocyanates.—A number of these com- 
pounds has been prepared by WE ts and his pupils. Most of 
the double salts contained cesium as the alkali-metal, while ferric, 
lead, mercuric, cuprous, silver, thallous, magnesium, zinc, cal- 
cium and strontium compounds were obtained. It appears that 
the double thiocyanates are not generally formed in as great 
variety as the chlorides, bromides and iodides, but most of those 
obtained corresponded to known double halides. The calcium 
and strontium double thiocyanates, 2CsSCN:Ca(SCN),-3H,O. 
and 2O0sSCN‘Sr(SCN), .4H,O are of considerable interest, because 
double salts containing these alkali-earth metals as the negative 
constituent are very rare. ; 

The triple salts show great variety in composition. Several of 
them crystallize remarkably well, and can be recrystallized from 
water. Fourteen of these compounds were obtained, belonging 
to seven different types, as follows: 

I. One salt, . CsAgZn(SCN),H,O 
II. One salt, Cs,AgZn(SCN), 
III. Five salts, analogous to Cs, Ag,Ca(SCN H,O 
IV. Four salts, analogous to Cs,Ag,Ba(SCN), 
V. One salt, . . K,Ag,Ba(SCN),"H,O 
VI. One salt, ‘ . CsAg,Zn,(SCN), 
VII. One salt, ° . CsAg,Zn,(SCN), 
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The other salts belonging to type III have magnesium, man- 
ganese and nickel in place of calcium, and in one instance cu- 
prous copper in place of silver. The replacements of barium by 
strontium and silver by copper give the other members of type IV. 
The four members of the latter type are isomorphous and resemble 
apophyllite in form.— Amer. Chem. Jour., xxviii, 245. H. L. W. 

5. The Determination of Thallium in the Thallous State.—To 
make this determination Tuomas adds auric bromide solution in 
excess to the warm thallous solution, then keeps the liquid warm 
for eight or ten hours, and finally filters off the metallic gold 
which is produced and weighs it. Three molecules of the thal- 
lous salt precipitate two atoms of gold. The test-analyses given 
are very satisfactory. The method will evidently be useful in 
analyzing substances containing both thallous and thallic com- 
pounds.— Bull. Soc, Chim., xxvii, 470. H. L. W. 

6. Chemisches Praktikum, von Dr. A. WotrruM. 12mo, pp. 
562. Leipsic, 1902 (Engelmann).—This volume is the first 
part, dealing with analytical operations, of a guide in laboratory 
work, The course is designed ona practical basis with the object 
of giving the student an idea of factory operations, and of en- 
couraging the study of technical chemistry. This feature will 
doubtless appear still more conspicuously in the second part, not 
yet published, which will deal with chemical preparations. The 
volume under consideration covers a wide field of analytical 
chemistry in a very compact form. It embraces a course in 
quantitative analysis for the common metals and acid radicals, as 
well as the detection of the more important groups in organi¢ 
compounds and the application of these tests to a large number 
of natural and artificial organic products. Quantitative analysis 
is presented in all its branches; not only the gravimetric and 
volumetric methods for determining inorganic substances are 
included, but also the quantitative determination of organic 
groups, gas analysis, molecular weight determination, toxicologi- 
cal analysis, and many methods of technical analysis. The 
methods appear to be well chosen, so that the book will be use- 
ful, not only to students pursuing courses in laboratory work, 
but also to analytical and technical chemists. H. L. W. 

7. Vacuum Thermo Element.—PETER LEBEDEW discusses the 
advantages of enclosing a thermo element in rarified air. Kundt 
and Marbury have shown that a body loses heat less rapidly in a 
vacuum, and this fact doubtless lies at the root of the superior 
efficiency of a bolometer or thermo element in a vacuum. The 
author employs a thermo element of platinum constantin, diam- 
eter of the wire d= 0°025™". The sensibility steadily increases 
and reaches its highest point at a pressure of 0°01™™. It is 
believed that this method will allow measurements of electrical 
waves, which hitherto could not be made.—Ann. der Physik, No. 
9, 1902. pp. 209-213. J. T. 

8. Electromotive Force of C-one.—In the course of an investiga- 
tion on the possibility of converting the heat of deozonization 
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into electrical work, A. Branp determined the electromotive force 
of ozone. The electromotive force of the O, and the O, electrode 
of a Grove gas cell was measured against a normal mercury ele- 
ment (mercury covered with mercuric sulphide), in a normal sul- 
phuric acid( 4 H,SO, g. to the liter). It was found that the electro- 
motive force with increasing proportion of ozone approached a 
limit which at 17° was 0°919; at 0°, 0°950 volt. ae ad 
Physik, No. 10, 1902, pp. 468-474. 

9. Influence of Electrification of the Air on Electric Seon — 
The passage of electricity through a gas is such a complicated 
phenomenon and is influenced by so many conditions that it is 
difficult to frame a comprehensive theory of it. Ernst LecnEr 
shows that a hitherto unknown condition results from electrifying 
the air or gas through which the electric spark is discharged. 
For this experiment two sources of electrification are employed. 
An induction coil: produces the spark and a Holtz machine serves 
to electrify the dielectric. Many interesting phenomena result 
from this arrangement. The author believes that the phenomena 
are due to an ionization of the discharge space.— Ann. der Physik, 
No. 10, 1902, pp. 442-451. J. 7. 

10. Onanew Reaction between Electrostatic Tubes and Insulators. 
—M. W. ve Nicorathve believes that certain attractions and 
repulsions due to an electrostatic field set up in the process of 
electrolysis form a new phenomenon and confirm Professor Poynt- 
ing’s theory of the action of tubes of force.— Phil. Mag., No. 19, 
July,-1902, pp. 133-138, J. T. 

11. A Magnetic Detector for electrical waves.—In a communica- 
tion to the Royal Society, of London, Marcon describes his 
magnetic detector. On a core of thin iron wires is wound a coil 
consisting of one or two layers of insulated copper wire, and over 
this and separated from it by insulating material is wound a 
second and longer coil. The ends of the inner coil are connected 
to earth and the aerial conductor ; and the ends of the outer coil 
to a telephone. The iron core is magnetized by a permanent 
magnet at one end, whieh is rotated by clockwork so as to cause 
a continual slow change in the magnetization. The magnetization 
lays behind the magnetic force, owing to hysteresis ; but when a 
high frequency current passes through the inner winding there is 
a decrease in the hysteresis. A sudden variation in the magnetiza- 
tion of the iron results, and this results in inducing a current in 
the coil connected to the telephone. This receiver is more sensi- 
tive than the coherer. Experiments have been carried out between 
points 135 miles apart. This detector seems to be Rutherford’s 
magnetic detector.—Nature, July 31, 1902, p. 334. J.T. 

12, Radiations from Radioactive Substances.—Professor Rutu- 
ERFORD and Miss Brooks conclude from extended observations 
that radioactivity is a very complicated phenomenon. Both 
uranium and radium emit negatively charged particles with high 
velocities, similar in all respects to cathode rays. Uranium, 
radium and thorium emit rays which are not deflected by the 
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magnetic field and are absorbed by gases and thin layers of metal. 
These rays differ from one another in penetrating power. The 
emanations from thorium and radium differ greatly in their rates 
of decay of radiating power. The presence of emanations gives 
rise to a complicated phenomenon of “excited ” radioactivity. 
Elster and Geitel have recently shown that a negatively charged 
wire in the open air, free from all possible contamination of radio- 
active substances, becomes strongly radioactive. This activity 
decays at a different rate from that due to thorium and radium 
and is of greater penetrating power.— Phil. Mag. , No. 19, » July, 
1902, pp. 1-23. 

13. Induced Radioactivity in Air —It has been shown by Bister 
and Geitel that a strongly electrified wire becomes after several 
hours strongly radioactive. The authors conclude that the atmos- 
phere contains some radioactive substance which is attracted to 
the wire, and that this emanation is like that from thorium. 
Professor J. J. THomson, however, comes to the conclusion that 
it is not necessary to make this assumption and believes that 
negatively electrified surfaces may become radioactive without 
the deposition upon them of substances possessing radioactive 
properties. He found that a negatively electrified wire placed in 
a closed vessel, the enclosed air or gas being exposed to Rontgen 
rays, became ‘radioactive. When the enclosed gas had been 
bubbled through air the effect was very large. Professor Thom- 
son thinks that the ionizing power of the wire may be due to a 
kind of polarization which produces an electric field which makes 
the wire into a cathode emitting cathode rays of feeble penetrat- 
ing power, which ionize the gas in the neighborhood of the wire. 
—Phil. Mag., No. 21, 1902, pp. 352-367. 3. 7. 

14. Deviable Rays of Radioactive Substances.—Professor Rutu- 
ERFORD and Mr. Grier have discovered that uranium, thorium 
and radium all emit both deviable and non-deviable rays. They 
differ from polonium, which does not emit deviable rays. Uranium 
gives out more deviable rays than radium or thorium. The authors 
believe that most of the deviable rays are given out by a second- 
ary product, produced by a disintegration of the uranium or 
thorium atom or molecule. These secondary products differ from 
the uranium or thorium in chemical properties.— Phil. Mag., No. 
21, Sept., 1902, pp. 315-330. 

15. Removal of Negative Electricity from the air by falling 
drops of water.—A. Scumavuss shows that there is a possibility 
that each rain drop passing through higher layers of air rich in 
ions draws with it negative ions and conveys them to the earth. 
—Ann. der Physik, No. 9, 1902, pp. 224-237. J. T. 

16. The Elements of Experimental Phonetics ; by Epwarp 
Wueeter Scripture. Pp. xvi+627. Charles Scribner’s Sons. 
Yale Bicentennial Publications.—Valuable contributions have 
been made by Professor Scripture to the analysis of speech 
sounds by means of his ingenious apparatus for enlarging and 
tracing the curves recorded by the graphophone, and his experi- 
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ments are fully described and a large number of curves given in 
a series of plates at the end of the volume. The careful analysis 
of these curves leads to a number of most interesting and impor- 
tant results, and enables the author to arrive at a definite conclu- 
sion upon several controverted points, such as the action of the 
vocal cords, the theory of vowel sounds, the melody and rhythm 
of speech, the duration of long and short vowels, etc. In regard 
to the action of the vocal cords, the opinion is strongly main- 
tained that they do not vibrate like stretched strings or mem- 
branes, but, at least in the chest register, act by alternately open- 
ing and closing the orifice between them, somewhat (one would 
judge) in the manner of a striking reed blown from the wrong 
side ; the mechanics of such a vibration is not altogether obvi- 
ous, but, putting aside this difficulty, the hypothesis makes the 
cord tone consist of a series of puffs of air similar to those pro- 
duced by a siren, and more or less explosive in character. Many 
of the curves appear to support this view. One of the conse- 
quences, however, which the author draws from this theory, and 
insists upon repeatedly (pp. 41, 94, 97, 263, etc.), cannot be 
accepted : it is that the cord tone, since it consists of such a series 
of explosive puffs, cannot therefore be resolved into simple har- 
monic (sinusoidal) constituents by the use of Fourier’s Theorem. 
As a matter of fact, a series of explosive increments and decre- 
ments of the air pressure can be expressed by a Fourier expan- 
sion, even when the rise and fall are assumed to take place really 
instantaneously, that is, in a mathematically infinitesimal time, 
and for however small a fraction of the interval between two 
puffs the increased pressure endures; if the puffs are all alike 
and occur at equal intervals of time, then the lowest term in the 
Fourier series will have a frequency equal to the number of puffs 
in a second ; if they are not all similar the series will begin with 
a term of lower frequency, but in any physical case there can be 
no doubt that the expansion is possible, and any argument based 
upon the supposed non-harmonic character of the cord-tone will 
be fallacious. The convenience and utility of such an expansion 
in any given case is another question. In the discussion of the 
vowel sounds, some confusion is introduced by this erroneous 
assumption ; but much experimental evidence is adduced in sup- 
port of the theory of Willis, according to which the resonance 
tones characteristic of each vowel are fixed in pitch and have no 
necessary relation to the cord tone, and against Helmholtz’s 
theory that the resonance tones are always harmonies of the cord 
tone. 

Taken as a whole, Dr. Scripture’s work is distinctly interesting 
as well as instructive ; it is written with spirit and enthusiasm, 
the illustrations are admirable, and the descriptions of apparatus 
and of experimental methods are so clear and detailed that it 
might well serve as a laboratory manual. To the student of 
phonetics it will of course be indispensable on account of the 
wealth of scientific material which it contains. H, A. B. 
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II. AND MINERALOGY. 


1. United States Geological Survey.—The following publica- 
tions have recently been issued. 

TweEnty-First ANNUAL Report, Pr. III. 644 pp., 68 pl., 104 
figs.—This volume contains papers on general geology, ore 
deposits and the Philippines. Professor Hosss’s report on the 
Newark System of Pomperaug Valley, Conn. (reviewed in this 
Journal, vol. xiii, p. 70), occupies pp. 19-160. ‘The Laccoliths 
of the Black Hills” by Professor Jacear (pp. 163-303) is a 
description of the interesting intrusions of rhyolite and phonolite 
in western South Dakota and eastern Wyoming. The laccoliths 
are so numerous and the amount of erosion so varied that all 
parts of atypical intrusion—conduit, basement contact, wedge, 
flank, crest—are exposed in different parts of the region. These 
intrusions are assigned to the Eocene and are an effect, not the 
cause, of the great fractures and dome uplift of the Black Hills. 
“The fractures reached downward to a zone where molten rock 
was under pressure. The liquid shot upward into every ramifi- 
cation of the fracture system.” Ernest Howe has made an 
extremely interesting series of laboratory investigations (pp. 
291-303) imitating the processes of laccolith intrusion and con- 
sequent deformation of the invaded beds. Professor Van Hisz 
contributes a paper (pp. 313-434) on the “Tron Deposits of the 
Lake Superior Region” in which both the geologic and economic 
aspects of the areaare discussed. The Arkansas Bauxite and the 
Tennessee white Phosphate deposits are described by C. W. 
Hayes, pp. 435-487. “The Report on the Geology of the Phil- 
ippine Islands” (pp. 493-625) is by G. F. Becker. It contains 
general descriptions of the rock types and formations, the min- 
eral resources, a bibliography and a paper by K. Martin on Ter- 
tiary fossils. 

Twenty-First ANNUAL Report, Pr. IV. 741 pp., 156 pl., 
329 figs. Hyprocrapny ; by F. H. Newerr, Hydrographer in 
charge. The tabulation ae | interpretation of stream measure- 
ments for 1899 has added much data which is essential if intelli- 
gent use is to be made of the water resources of the country. 
Work has been carried on in all parts of the country, and the 
descriptions (pp. 45-488) are so given as to render the facts 
directly useful to interested people. A special paper on the 
Geology and Water Resources of the Black Hills region (pp. 489- 
599) is written by N. H. Darton. (Reviewed in this Journal, 
vol. xiii, p. 68.) “The High Plains and their Utilization,” by 
Witarp D. Jounson (pp. 609-741) is an interesting study of 
the topography, climate and history of the region including parts 
of Texas, Kansas, Nebraska, New Mexico, and Colorado. The 
causes of agricultural failure and the conditions necessary to suc- 
cess are discussed in the light of recently acquired knowledge of 
soil character, streams and underground water. 

Monoeraru XLI.—Glacial Formations and Drainage features 
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of the Erie and Ohio basins; by Frank Leverett. (Held for 
review.) 

Butuetins. No. 179.—Bibliography and Catalogue of the Fos- 
sil Vertebrata of North America ; by OLtiverR Perry Hay. Pp. 
1-868. Washington, 1902.—The author has rendered an immense 
service to his fellow paleontologists in completing this list of 
all the fossil vertebrates described, up to the end of 1900, from 
all that part of the North American continent lying north of 
Mexicv. The list of systematic names recorded reaches nearly 
10,000 ; and the number of titles referred to in the bibliography 
is about 4600. The author estimates that there are over 40,000 
citations recorded. The method of arrangement of the statistics 
and the mode of citations have greatly condensed the mass of 
material. The specific names are arranged according to their syste- 
matic order in the catalogue. A separate key is given of this 
catalogue, and under each scientific name in the catalogue are 
given all the citations recorded, but abbreviated to author’s name, 
date, and a letter (A, B, C, etc.) standing for the separate papers 
of each author published during one year. In the Bibliography 
these letters mark the several papers whose titles are given in 
full. By this means the size of the volume is greatly reduced 
. without omitting the important details called for by the user. A 
complete index of all the systematic names cited occupies the 
last 72 pages. The author deserves the gratitude of all paleon- 
tologists who may use this model catalogue of fossil vertebrates. 

H. 8. W. 

No. 182.—A report on the Economic Geology of the Silverton 
Quadrangle, Colorado; by F..L. Ransome. 258 pp., 16 pls., 23 
figs. This is a complete and detailed report on the economic 
geology, of the ore deposits and mining operations of a quad- 
rangle situated in the midst of the San Juan Mountains in south- 
western Colorado. The first part of the report consists of a 
general description and discussion of the ore deposits and includes 
a chapter on the general geology of the region by Whitman 
Cross, while the second part consists of detailed description of 
special areas and individual mines. The area is covered with a 
complex of volcanic rocks consisting of a thick series of tuffs, 
agglomerates and lava flows. The ores occur in these rocks ; 
either as lodes or as nearly vertical stocks of almost solid ore. 
The chief ore minerals carrying silver are galena, tetrahedrite, 
enargite, stromeyerite, bornite and chalcopyrite. Gold is present 
in the ore as native gold almost entirely, no important occur- 
rences of tellurides being known. The ores were deposited from 
acid solutions for the most part in preéxisting openings an? some 
of the deposits show the effects of descending surface ers in 
the secondary enrichment of their upper portions. W. E. F. 

No. 188.—Bibliography of North American Geolog"! Paleon- 
tology, Petrology and Mineralogy for 1892-1900 incl*Sive ; by 
F. B. Weeks, 717 pp. This bulletin is a combination of bulletins 
Nos. 130, 135, 146, 149, 156, 162, 172 with the bibliography of 
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the literature for 1900. The index (bulletin 189) is to be used in 
connection with this bibliography. 

No. 189.—Index to North American Geology, gee 
Petrology and Mineralogy for 1892-1900 inclusive; by F. B. 
Weeks. 337 pp. The indexes contained in bulletins Nos. 130, 
135, 146, 149, 156, 162, 172 are here combined. See above No. 188. 

No. 190.—A Gazetteer of Texas; by Henry Gannett. 162 
pp., 8 pls.—In addition to the gazetteer proper, Mr. Gannett 
gives a brief description of the topography, climate, character 
of the population, ete. 

No. 191.—North American Geologic Formation Names : bibli- 
ography, synonymy, and distribution; by F. B. Wrexs. 448 
pp.-—This volume is a valuable addition to the scientific registers 
of facts grown too bulky for memory. The author does not 
claim that every name that should appear in such a list is actually 
needed, but every name reported in a list of some five hundred 
official and serial publications which are given is mentioned. 
The author has made the list of special value to investigators by 
presenting the facts exactly as they were presented by the author 
of the name; thus throwing upon the user of the register the 
decision as to which name is entitled to first consideration as the 
proper name of any particular formation. When it is stated that 
the bulletin contains 448 pages, the indispensable nature of such 
a register, for the avoidance of further duplication of names, is 
apparent. We are pleased to see also that it is proposed to con- 
tinue this list in the annual Bibliography and Index of North 
American Geology, which has become a feature of the Bulletins 
of the United States Geological Survey. H. 8. W. 

No. 192.—A Gazetteer of Cuba ; by Henry Gannett. 113 pp. 

No. 193.—Geological Relations and Distribution of Platinum 
and associated metals; by J. F. Kemp. 91 pp., 6 pls., 9 figs. 

No. 194.—Northwest Boundary of Texas ; by Marcus Baker. 
50 pp., 1 pl., 5 figs.—An account of the surveys of western Texas 
from 1859 to 1900 is given and the present status of the boundary 
is discussed. ‘Our knowledge of the location of the west 
boundary of the panhandle is very imperfect,” and Mr. Baker 
advises re-mapping the area. 

Water Suprty AND IRRIGATION PAPERS Nos. 57 (ALABAMA- 
Montana) AND 61 (NEBRAsKA—W List of 
Deep Borings in the United States; by N. H. Darron.—A list 
of wells over 400 feet in depth has been compiled for each State 
—arranged alphabetically and accompanied by references to the 
literature. : 

2. Ipwa Geological Survey ; by Samur. Carvin, State Geol- 
ogist. ,.\’ol. xii, Annual Report 1901, with accompanying papers. 
—Detaiicu geologic maps have been completed for fifty-three 
counties Iowa, seven counties having been surveyed during 
1901. Thx report on the Mineral Production in Iowa for the year 
(by S. W. Beyer) shows a substantial increase in coal and gyp- 
sum, but a decided falling off in the production of zinc. The 


Am. Jour. Series, Vout. No. 83.—NovemBer, 1902. 
2 


392 Scientific Intelligence. 


Geology of Webster County, by Frank A. Wilder, contains (pp. 
138-224) an exhaustive study of the lowa gypsum deposits, as 
well as those of other American and of foreign localities. The 
Geology of Henry County is written by T. E. Savage. Cherokee 
and Buena Vista Counties have been mapped by Thomas H. 
Macbride, who presents new facts regarding the limit of the 
Wisconsin drift and its effect on topography. The Geology of 
Jefferson County is by J. A. Udden, and that of Wapello by A. 
G. Leonard, Assistant State Geologist. Vol. xii is fully up to 
the high standard of previous volumes of the Iowa survey, espe- 
cially as regards contributions to stratigraphy and glaciology. 

3. The Evolution of the northern part of the Lowlands of 
Southeastern Missouri ; by C. F. Mansur. University of Mis- 
souri Studies, vol. i, No. 3, 63 pp., 7 pls.—Southeastern Missouri 
consists of belts of lowlands enclosing belts and isolated areas of 
upland. As the result of field study (involving the making of a 
topographic and a geologic map), Professor Marbut finds the 
explanation of these belts as follows: The Mississippi River 
flowed west of (the present) Crowley Ridge, then between 
Crowley and Benton ridges and finally through Benton Ridge at 
Grays Point. These successive channels were abandoned in 
favor of small tributaries of the Ohio; “the Mississippi has been 
captured by the Ohio twice in succession.” 

he author’s former paper on this region (Bos. Soc. Nat’! Hist., 
vol. xxvi, pp. 478-488) described Crowley Ridge as a cuesta, and this 
erroneous interpretation shows clearly the uncertain character of 
conclusions based on map study unaccompanied by field work. 
As Professor Marbut says: “To have determined the whole suc- 
cession of events and the processes operating to produce them, 
would have been probably impossible by the methods of library 
study alone ”’(p. 39). 
_ 4. Geology of the Potomac Group of the Middle Atlantic 
Slope ; by W. B. Ciarxk and A. Bresins. Bull. Geol. Soc. Am., 
vol. xiii, pp. 187-214, 7 pls—A narrow belt of sand and clays, 
mostly unconsolidated and often ferruginous, form the basal 
element of the Atlantic Coastal plain. These sediments—called 
collectively the Potomac Group—are described in detail as regards 
their composition, fossil contents and economic importance. The 
relationship of the beds is given as follows : 


Raritan 
Patapsco 


Jurassic (?) i 


In regard to the conflicting evidence of sagen sad and paleo- | 
botany (see this Journal, vol. ii, p. 433, Dec. 1896), the authors 

think it essential to suspend final decision until more exhaustive 
investigations of the faunas and floras has been made throughout 


the entire Coastal region. 


Cretaceous | 
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5. Pleistocene Geology of Western New York ; by H. L. Farr- 
cHiLD. Report of progress for 1900. 20th Ann. Rept. N. Y. 
State Geologist, pp. 105-139 ; pls. 9-41.—Professor Fairchild has 
made a special study of the Iroquois shore line between Rich- 
land and Watertown, and finds that the warping of the Ontario 
basin has occurred mostly since the extinction of glacial Lake 
Iroquois, and that “the rate of deformation has been much 
greater than the present rate.” The territory between Syracuse 
and Oneida was studied with reference to the higher channels cut 
by overflow of glacial waters. 

6. Michigan Geological Survey ; Atrrep C. Lane, State 
Geologist. Annual Report, 1901, pp. 1-304, figs. 1-7, plates i-xv. 
—Besides the ordinary reports of progress for the year this vol- 
ume contains a paper by B. E. Livingston on the Distribution of 
Plant Societies of Kent County, on the lines introduced by Dr. 
H. C. Cowles. Mr. F. B. Taylor presents an excellent graphic 
representation of the nature and distribution of surface deposits 
of Lapeer County (Plate VI). <A detailed analysis of the local 
faunules of the Banaue (Devonian) formation of the northern 
part of the State is given by A. W. Grabau : the State Geologist 
publishes a geological map (scale 1 in.= 56 miles) revised up to 
1902: an illustrated paper on Wave Cutting on the west shore of 
Lake Huron is contributed by C. H. Gordon. H. 8S. W. 

7. On Vertebrates of the Mid-Cretaceous of the Northwest 
Territory ; by Henry Fairrietp Ossorn and Lawrence M. 
LamBeE. Geol. Survey of Canada. Robert Bell (acting) Director. 
Contributions to Canadian Paleontology, vol. iii (quarto). 81 pp., 
22 pl. Ottawa, 1902.—Osborn and Lambe have contributed a 
second part to the quarto memoirs on Canadian fossil vertebrates, 
begun by the volume on the Cypress Hills species contributed by 
the late E. D. Cope, in 1891. Professor Osborn contributes the 
first paper on the Distinctive features of the mid-cretaceous fauna, 
in which he reaches the conclusion “ that the Belly River fauna is 
more ancient in character both as to the older types of animals 
which it contains and as to the stages of evolution among ani- 
mals which are also represented in the Laramie.” (p. 21.) 

L. M. Lambe contributes the second descriptive paper :—NVew 
genera and species from the Belly River series (mid-cretaceous), 
in which are described thirty-four species, of which sixteen are | 
new. H. 8. W. 

8. Queneau on Size of Grain in Igneous Rocks ;* by Atrrep 
C. Lane. (Communicated.)—In this paper (a thesis for the mas- 
ter’s degree) the author takes up the theory of grain proposed by 
myself in part 1 of vol. vi of the reports of the Geological Sur- 
vey of Michigan, and successfully applies the same to the “ Pali- 
sade” intrusive near New York, and, with very interesting re- 


* Size of grain in Igneous Rocks in Relation to the Distance from the 
Cooling Wall, by Augustus L, Queneau. School of Mines Quarterly, January 
1902, pp. 181-195, Contributions from the Geological Department of Colum- 
bia University, vol. ix, No. 80. (This paper was briefly noticed on p. 70.) 
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sults, to the minette dike of Franklin Furnace, New Jersey. The 
mathematical foundation has also been worked out for him anew 
by Prof. Woodward, with accordant results, but whereas I treat 
the case where the country rock is appreciably heated up, he 
takes only the case in which the walls of the cooling body are 
kept at a constant temperature. 

nfortunately we have taken different initial temperatures, 
and otherwise the two methods differ so that the curves and 
numerical tables cannot be directly compared. The curves of 
falling temperature given in my paper are referred to the time, 
whereas in Queneau’s paper the abscissas are laid off proportional 
to the square root of the time. The early stages of cooling are 
given, therefore, in more detail, but his remark at the bottom of 
page 188 as to the slopes of all the curves being equal, is errone- 
ous. It applies to my curves, but not to his.* Queneau’s results 
upon the minette of the Franklin Furnace are especially note- 
worthy; both biotite and apatite vary in size according to the 
distance from the margin. This shows clearly that these min- 
erals are mainly not pre-intrusive. Moreover, the size of the 
apatite increases clear to the center, while the biotite has a zone 
of nearly uniform grain occupying nearly the middle two-thirds 
of the dike. The following inferences of theoretical interest, 
which, however, Mr. Queneau does not mention, may be drawn: 

The apatite was formed early, much before the biotite, and 
probably before the dike had lost even one-tenth of its initial 
temperature. The dike therefore must have been largely viscous 
when the apatite formed, and the broken condition of the apatite 
mentioned by Queneau may well be attributed to a strain in the 
otherwise viscous magma. 

The biotite was formed later, and supposing, as seems likely 
from the figure, that the breadth of the zone that has a markedly 
less grain than that at the center is about one-eighth of the width 
of the dike, we must infer that it was formed when the dike 
retained but little more than half its initial excess of tempera- 
ture. 

A small dike of diabase, a meter wide, shows in its feldspars 
that the temperature of its injection was not much above that of 
the formation of feldspar, at any rate. 

When he discusses the Palisade trap sheet, however, Mr. Que- 
neau neglects to mention that he does not carry his section clear 
across, nor does he state the thickness of the sheet, nor say 


* Some other minor mistakes in our papers are: on page 187, one column 
I be- 


should be headed 2=‘85c, and line five above should begin with ‘95c. 
lieve there are also some numerical mistakes in the body of the tables. The 
Also on 


last column of the table on page 188 is erroneous, for instance. 
page 191 the units for x are not in square but linear millimeters. In my 
table, when m=7 if q="92, the entry should be -74265, and if q is ‘91 the 
entry should be *73000. In my equation 11 an n has crept in that does not 
belong there, and on page 117, line 2, for (w) read (2w). Also, in the plate, 
the decimal point for the horizontal unit is wrongly placed,—it should be 


log —0°1. 


J 
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whether he continued the section until the grain appears uni- 
form. From Kimmel’s report for the New Jersey Geological 
Survey, 1897, p. 62, we learn that at one of the points—Fort 
Lee—the sheet is 950 feet thick, of which Queneau’s section cov- 
ered only about 100 feet. Of the grain, Kimmel says that while 
on the whole the trap is coarse-grained, near the contact it is 
fine-grained or occasionally slightly glassy, but this rapidly in- 
creases in size within a few feet of this shale, where coarsest 
tin tabular crystals of feldspar occur, two or three-eighths of an 
inch in diameter. The King’s Point trap near Weehawken he 
estimates from 700 to 875 feet thick, and again Queneau can only 
cover the margin of varying grain (3449™, or 105 feet). 

From his plates and figures it appears that, so far as he meas- 
ured, the feldspars still steadily and uniformly increase in size, 
but the rate of increase of the King’s Point augite drops deci- 
dedly between 23 and 34 meters. Thus the breadth of the zone 
of augite which was formed before the center cooled is not far 
from 100 feet, or about one-eighth of the total breadth. This 
would imply that the consolidation of the augite took place un- 
der conditions of temperature, etc., a little nearer those of the 
initial magma than those of the country rock, and that the feld- 
spar was earlier formed. We may also infer from his equations 
of grain (as shown by investigations of mine as yet unpublished) 
that there is a contact zone of noticeable thickness in which the 
temperature was appreciably increased, and that while his data 
are consistent with Kiimmel’s observations, the grain of the 
augite at the center is not more than 5™", being probably about 
3™™—a result which it would be interesting to verify. Had we 
the thickness noted, and that of the contact zone if convenient, 
and a section representing the central belt, we could have a check 
on the theory, as well as on the accuracy of the observations ; 
for the estimation of the grain is a difficult matter, and I doubt 
if an accuracy of 10 per cent can be obtained, though the diver- 
gence of Queneau’s observations from his curves is no fair test, for 
he has done himself injustice, since the curve of linear grain of a 
great intrusive sheet with a contact zone, like the Palisades, ought 
not theoretically to be a straight line, but is enclosed by three 
straight lines as external tangents, which it will usually follow 
very closely, having only short easement curves near the points 
of tangency. 

Queneau’s statement that the zone of varying grain will vary 
inversely as the temperature of the country rock, is not mathe- 
matically accurate, and is probably intended merely as a reword- 
ing of what I say on page 111, that the hotter the country rock 
the less pronounced will be the zone of finer grain. But I may 
say that if we have the curve of grain located well enough to 
determine the three tangents just mentioned, we may infer the 
ratio of the temperatures of injection and consolidation, the 
thickness of the intruded sheet and the breadth of the contact 
zone appreciably affected, as well as a constant involving the 
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diffusivity of the rock and the tendency of the particular mineral 
to crystallize. So that we may often give a shrewd guess at the 
size of the sheet from observations on the grain only at one side. 
I hope to take up this matter soon. 

Geological Survey of Michigan, Lansing, Mich. 


9. Les Roches alcalines caractérisant la Province petrograph- 
ique d’ Ampasindava; by A. Lacrorx. (Nouv. Archives du 
muséum d’ histoire naturelle. 4th Ser., Tome I, pp. 152, pl. 10, 
4°, Paris 1902, Fascicule I.)—This work is based chiefly on speci- 
mens and observations collected by M. Villiaume, a colonial 
official. It is divided into three parts, the first being a descrip- 
tion of the geology and rocks of Nosy Komba, an island off the 
northwest coast of Madagascar between the island of Nosy Bé 
and the bay of Ampasindava.* In this portion are described 
gabbros, nepheline syenites of various types, including dark basic 
varieties passing into the essexites. They are accompanied by 
acidic dike rocks, and there is described, in addition, the phe- 
nomena of the contact of these intrusive masses, both exomorphic 
and endomorphic. The second part relates to the occurrence and 
petrography of igneous rocks from portions of the mainland in 
this part of Madagascar and from Nosy Bé. In this are described 
granites with soda amphiboles, pulaskite, nordmarkite and laur- 
vikite types of syenites, essexites, quartz bostonites, camptonites, 
phonolites, trachytes, monchiquites, ijolite, tinguaite, etc., ete. 

The petrography of these rocks is given with the care and de- 
tail for which the author’s works are so well known. A number 
of analyses enhances the value of the memoir, which adds greatly 
to our Lesatiedan of this little known region. The appearance 
of Fascicule II, containing chapter iii, giving the general con- 
clusions and resumé, will be awaited with interest by petrog- 
raphers. L. V. P. 

10. Ueber mariupolit, ein extremes Glied der Elaeolithsyenite ; 
von J. Morozewicz (Tscher. Min. u. Petro. Mitt. Band xxi, 
8. 238, 1902).—On the north coast of the sea of Azov in Russia 
lies an area of crystalline rocks which is being investigated by 
the author. In the district of Mariupol a portion of this area, 
between gneiss and granite and comprising about 10-12 square 
kilometers, has been found to consist of eleolite syenite and pyrox- 
enite. The investigation of this former rock shows it to consist 
of 73 per cent albite, 14 per cent of nephelite, 7°6 per cent of 
aegirite, 4 per cent lepidomelane and 1°6 per cent zircon. The 
mass analysis gave the following results : 


SiO, ZrO, Al,O; Fe.0; FeO MnO MgO CaO K.0 Na,O Sum. 
62°53 1°08 18°72 3°26 0°34 0°16 0:08 0°54 0°79 11°77 0°68 = 99°95 
In this the relation K,0: Na,O::1:24. The texture is variable, 
sometimes coarse, sometimes fine, and sometimes porphyritic. 
The feldspathic components are set through with aegirite needles. 


* (Stieler’s Hand Atlas gives Ampassandava.) 
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Separate analyses of the mineral components are also given. To 
this rock of the syenite family composed almost solely of soda- 
bearing constituents, the author gives the name of Mariupolite. 

L. V. P. 

11. Dahamit, ein neues Ganggestein aus der Gefolgschaft des 
Alkaligranit ; von A. Petixkan. (Denkschriften der mat.-nat. 
wiss. classe der K. Akad. der. Wiss. Wien, 1902. Bd. Ixxi.)—In 
an article dealing with the petrography of a rock collection from 
the islands of Socotra, Abd el Kuri and Semha the author de- 
scribes a dike rock of a chocolate brown color, compact texture, 
containing red phenocrysts of thin tabular feldspar. The micro- 
scopic study and the chemical analysis shows the rock to consist of 
6°8 per cent riebeckite, 43-8 per cent albite, 2°8 per cent anorthite, 
12-2 orthoclase, 31°5 per cent quartz. The chemical analysis by 
E. Ludwig gave 
SiO. <Al.O; FeQ MgO CaO Na.O K.,O H,0 Sum. 
74:02 1356 193 1:09 O23 056 5:80 206 1:05 = 100°30 
The phenocrysts are albite or albite-oligoclase, containing the 
small amount of anorthite. The other components are mixed in 
the groundmass. The author suggests the name from the locality, 
Dahamis, and offers the fact that it differs from grorudite (quartz 
tinguaite) in containing riebeckite instead of aegirite, as a reason 
for the new name. . He overlooks entirely, however, the fact that 
Osann (Tscher. Min. Mitt., vol 15, p. 435, 1895) has already 
described a dike rock consisting of alkali feldspars, quartz and 
riebeckite under the name of paisanite, the analysis of which also 
agrees in essential particulars with that above. The rock should 
be regarded as a variety of paisanite. L. Vv. P. 

12. Mineral Resources of South Dakota ; by C. C, O’Harra 
and J. E. Topp. South Dakota Geol. Survey Bull. No. 3, pp.: 
130; pl. 31.—The mineral wealth of the Black Hills has already 
been described by Professor O’Harra (this Journal, vol. xiii, p. 
474). Professor Todd, State Geologist, gives a report (pp. 81- 
130) on the mineral Building Materials, Fuels and Waters of 
South Dakota. 

13. Note on a new occurrence of Native Arsenic ; by Nrevin 
Norton Evans. (Communicated.)—During the past summer 
native arsenic was discovered in a calcite vein cutting the nephe- 
line syenite at Montreal, Canada, by Mr. Edward Ardley, Museum 
Assistant at the Peter Redpath Museum, McGill University. The 
mineral appears to be pure arsenic, not more than traces of other 
elements having as yet been found in it. The vein has a maxi- 
mum thickness, so far as has been seen, of two inches, and has 
already yielded about fifty pounds of the arsenic, A complete 
analysis, together with a detailed study of the occurrence, is 
being made by the writer, and will be published shortly. 

McGill University, Montreal. 


14. The Inverness Earthquake of September 18th, 1901, and 
the Carlisle Earthquake of July, 1901; by C. Davison. Quart. 


? 
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Jour. Geol. Soc., vol. lviii, pp. 371-397, 2 pls.—The recent Inver- 
ness earthquake gives additional proof of the existence of a fault 
line reaching from Loch Ness to the sea and this region “ appears 
to be in a stage of more rapid development than any other in the 
British Islands” (p. 396). The earthquakes of 1816-18, 1888, 
1890, and 1900 were along the same fault. 

The Carlisle earthquake has led to the recognition of a deep- 
seated fault (running N. 5° E.) in a region where there is no sur- 
face sign of such a structure. 


MISCELLANEOUS SCIENTIFIC INTELLIGENCE. 


1. Beitrdge zur chemischen Physiologie und Pathologie, her- 
ausgegeben von Franz Hormetster. II Band. 1902 (Braun- 
schweig, F. Vieweg und Sohn. 15 M.).—This completed volume, 
of which the earlier numbers have already been reviewed in this 
Journal, brings evidence of the same high standard which char- 
acterized the first one. The Beitrige have now won a place in 
the permanent literature of physiological chemistry. Particular 
attention may be directed to the recent contributions on the 
products of proteolytic digestion and the studies on various pro- 
teids of animal and vegetable origin. L. B. M. 

2. Les Dirigibles; by M. H. Anpr&. Pp. iii+346. Paris: 
Ch. Béranger, editeur. 1902.—This is a well arranged and use- 
ful hand-book of the theory and practice of aerial navigation as 
it is known at present. As indicated by the title, the larger part 
of the book is occupied with dirigible balloons, and much inter- 
esting and valuable information has been collected upon the 
various conditions of this difficult problem ; the laws of the resist- 
ance of the air, so far as they are known, are applied to the 
determination of the proper shape and dimensions of the balloon 
itself, of the propellers, rudders, etc., and some consideration is 
given to the motors which may be employed ; the very important 
question of stability also receives attention. The book concludes 
with a critical account of the various experiments which have 
been made with dirigible balloons from the celebrated attempts 
of Gifford in 1852 and i855 to the recent achievements of Santos- 
Dumont. H. A. B. 

8. An Introduction to Physical Geography ; by Grove Kari 
and Atsert Perry Bricuam. D. Appleton & Co. 
370 pages, 263 illustrations.—Gilbert and Brigham’s Physical 
Geography is thoroughly scientific, up to date and attractive. It 
is a good introduction to out-of-door science of any sort. 
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Dynamical and Structural Geology 


A few of the more important and showy forms recently received in this 
department are: 


ORBICULAR GRANITE. 


Kortfors, Sweden. Of this interesting rock we have but three specimens on 
hand. The concretions are mainly hornblende imbedded in a coarse-grained 
light colored granite, making a strong contrast between the matrix and the con- 
cretions, the latter being from 24 to 3 inches in diameter ; polished slab 8 x 19 in. 
in diameter, $20.00; larger, $22.00 and $30.00. 

Kangasniemi, Finland. In this rock the concretions are light colored sur- 
i rounded by bands of hornblende, the compactness of the concretion forming a 
strong contrast to the coarse crystalline structure of the matrix. The concre- 
i tions range from 4 to 6 inchesin diameter. Specimens from $6.00 to $30.00. 
i Quonochontaug, Rhode Island. This is the only Orbicular Granite we 
r have ever seen from America. The concretions are mainly hornblende with 
t granite centers intermediate iu color between the above two, and average from 
1 to 2% inches in diameter; polished slices from $6.00 to $13.00. 

Orbicular Diorite (Napoleonite, Corsite). This well-known rock is now 
quite rare. ‘he concretions, consisting of Anorthite, Hornblende and some 
Quartz, are comparatively uniform in size, averaging about 1} inches in diameter ; 
magnificently polished slabs of this rare rock from $4.00 to $15.00. 

The above four rocks present a fine suite of concretionary structure as dis- 
played in eruptive rocks; tracings of slices with size and position of concretions 
sent on application. 

FAULTED SANDSTONE. 


} Hot Springs, S. D. We have a few specimens of this beautiful sandstone 
} consisting of narrow layers ranging in color from light yellow to dark purple, 
showing in some instances from 3 to 10 distinct faults on same slab. 

Slabs from $1.00 to $3.50. 


TRAP DIKES IN GRANITE. 


Norway, Maine. A fine suite of these either in polished slabs or the rough 
, masses, some showing single dikes, others showing two dikes on same slab from 
| a fraction of an inch to 2% inches in diameter; 50c. to $15.00. 


} Three polished slices showing crossed dikes, with a fault at contact of the two 
; dikes, $6.00 to $8.00. 

METAMORPHISM. 

; Blue Pyroxene partially changed to Serpentine, from Gila River, N. M., the 


centers of these polished slabs being a light azure blue pyroxene with its edges 
changed to a translucent rich colored Serpentine, a beautiful combination of color. 
| We have but a half-dozen slices of this rare rock on hand. $3.50 to $6.00. 


t PHENOMENAL SERIES OF ROCKS. 


} We have just compiled a collection consisting of 83 specimens illustrating 
i Dynamical and Structural Geology, specimens averaging 3x4 inches. Price, 
$45.00. 

This collection is accompanied by a descriptive catalogue describing the various 
; phenomena as represented in the collection. 

Circulars on application. 


Waro’s Naturat Science EstaBuisHMent 
| 76-104 COLLEGE AVE., ROCHESTER, N. Y. 
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Just out: 


THE NEW PENFIELD COLLECTION OF CRYSTAL-MODELS 


225 models to illustrate Chapter V of the 


Brush-Penfield Determinative Mineralogy and Blowpipe Analysis. 


“ A feature of the collection is that with only a few exceptions the models rep- 
resent prominent types or habits of common minerals. . . . The models, moreover, 
illustrate a very important feature of crystals, namely that the forms which are 
prominent and determine the crystal habit are, with few exceptions, those to 
which simple indices may be assigned. 

‘‘Tt is certain that those who are studying crystallography will find it a great 
advantage to have at hand not only models which correspond to a standard text, 
but, also, types which bave been carefully selected as representatives of the 
important classes of crystals in the mineral kingdom.”—SamvueL L. PENFIELD. 


New HAVEN, Conn., February 1, 1901. 
Collection of 225 models (of pear-tree wood), . é ‘ 230 Marks. 


Now ready: 


The new collection of 335 specimens and sections 


of rocks, 
according to 


H. Rosenbusch: Elemente der Gesteinslehre, 2d ed., 1901, 


Accompanied by a text-book: ‘ Petrographisches Praktikum,” giving a short 
description of the petrographical microscope and how to use it, and also of the 
macroscopical and microscopical features of all the specimens of this collection ; 
Arranged by Prof. Dr. K. Busz of Miinster i. W. 

This collection is intended for the practical use of students and contains typical 
representatives of all important types of rocks, massive as well as sedimentary 
and crystalline schists. Aided by the text-book it.will be found easy to become 
acquainted with the use of the microscope, with the features exhibited by rock- 
forming minerals and with determination of the latter. 

Out of this collection two smaller ones have been arranged of 250 and 165 
Specimens respectively : 


Collection I. 335 specimens of rocks, . ‘ i ; 380 Marks. 
If*. 250 thin sections, ‘ 310 * 
III. 165 specimens of rocks, . 170 * 
III*. 165 thin sections, . 205 * 


Collections of Minerals, Fossils, Meteorites purchased for cash or 
exchanged. 


DR. KRANTZ, 


RHENISH MINERAL OFFICE, 


BONN-ON-RHINE, GERMANY. 
ESTABLISHED 1833. ESTABLISHED 1833. 
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DANA’S WORKS. 


AMERICAN Book Co., New York.—Manual of Geology, by J. D. Dana. Fourth 
Edition, 1895. 1088 pp. 8vo. $5.00.—Text-book of Geology by the same. 
5th ed. revised by Wm. North Rice, 1898. 482 pp. 8vo. $2.00.—The Geo- 
logical Story Briefly Told, by the same. 264 pp. 12mo. 

J. Witey & Sons, New York.—System of Mineralogy of J. D. Dana. 6th 
edit. by Epwarp S. DANA. Ixiii, 1134 pp. large 8vo., 1892. $12.50. Appen- 
dix I, 75 pp. June 1899. $1.00. 5th edit., 1868, with three appendices, 
1872, 1875, 1882. $5.00.—Manual of Mineralogy & Lithology, by J. D. 
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